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SUMMARY
For the  p r e s e n t  t h e s i s ,  th e  Zucker f a t t y  r a t  was s tu d ie d  as a model 
o f  i n h e r i t e d  o b e s i t y  a longs ide  th e  CoCl^- trea ted  r a t  which r ep re sen ted  a 
model o f  induced hyper l ipaem ia .  Carbohydrate and l i p i d  metabolism in 
th e se  two r a t s  were i n v e s t i g a t e d .  To e lu c i d a t e  the  ro le  o f  i n s u l i n  and 
glucagon re c ep to r s  i n  o b e s i t y  and hyper l ipaem ia ,  l i v e r  and adipose  t i s s u e  
i n s u l i n  and glucagon r e c e p t o r - i n t e r a c t i o n s  were examined in  f r e s h l y  
prepared l i v e r  and adipose  t i s s u e  plasma membranes from the se  two r a t s  
and compared to  t h e i r  c o n t r o l s .
I n  the  Zucker f a t t y  r a t  o b e s i ty  was found to  be a s s o c i a t e d  with 
gross  h y p e r t r ig ly ce r id a e m ia  and hyper insu l inaem ia .  The i n s u l i n  
r e s i s t a n c e  a s s o c ia t e d  w i th  t h i s  r a t  could be accounted f o r  by a dec rea se  in  the  
number o f  i n s u l i n  r e c e p to r s  a t  i t s  t a r g e t  t i s s u e s  examined in the p r e s e n t
s tu d y .  There was no a l t e r a t i o n s  in the  number o r  a v i d i t y  o f  the  glucagon 
re c ep to r s  in  the  l i v e r  o r  adipose t i s s u e  o f  the  Zucker f a t t y  r a t .  Hyper­
t r i g ly c e r id a e m ia  o f  t h i s  r a t  was found to  be a s s o c i a t e d  wi th  high a c t i v i t y  
o f  l i p o p r o t e i n  l i p a s e .  A mechanism f o r  i n s u l i n  r e s i s t a n c e  and an o th e r  f o r  
hy p e r t r ig ly ce r id a e m ia  in  t h i s  r a t  w i l l  be desc r ibed  in some d e t a i l .
The polycythemia o f  the  CoCl^- trea ted  r a t  was found to  be accompanied 
by moderate h y p e r t r ig ly c e r id a e m ia  compared to  t h a t  o f  the  Zucker f a t t y  r a t .  The 
p o s tu la t e d  glucagon r e s i s t a n c e  o f  the  CoCl^- trea ted  r a t  as well as f o r  the  
Zucker r a t  was i n v e s t i g a t e d  in some d e t a i l .  Glugacon basa l  leve l  as well  
as a f t e r  a r g in in e  s t im u la t io n  was found to  be w i th in  the  normal range in  
th e  CoCl^-t rea ted  r a t s  as s e t  by t h e i r  un t rea ted  c o n t r o l s .  Fur thermore ,  t h e r e  
was no abnormal i ty  d e te c te d  in  glucagon o r  i n s u l i n  bind ing to l i v e r  o r  
ad ipose  t i s s u e  plasma membranes in  these  r a t s .  The h y p e r t r i g l y c e r id a e m ia  
o f  the  CoCl^- t rea ted  r a t  was found to  be due to  a dec rease  in  the  plasma
t r i g l y c e r i d e s  removal r a t e .  The r o l e  o f  c o b a l t  in  th e  a e t i o lo g y  o f  
t h i s  induced hyp e r t r ig ly ce r id aem ia  w i l l  be d iscussed  in d e t a i l  and 
a mechanism w i l l  be presented. .  Longi tudinal  s tu d i e s  in  th e  e f f e c t  
o f  c o b a l t  on r a t s  was a l so  i n v e s t i g a t e d  and r e s u l t s  r e p o r t e d .
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CHAPTER ONE 
GENERAL INTRODUCTION
1.1 Obesi ty  and hyperl ipaemia
Obesity i s  the  most p r e v a l e n t  metabolic  d i s o r d e r  in a f f l u e n t  s o c i e t i e s .  
Despite  wide re c o g n i t io n  o f  the  adverse h e a l th  consequences of  o b es i ty  
in c lu d in g  c a r d io v a s c u la r  d y s func t ion ,  d i g e s t i v e  d i s tu r b a n c e s ,  d i a b e t e s  
m e l l i t u s ,  sk in  a ilments  and degenera t ive  a r t h r i t i s ,  i t s  p reva lence  remains 
high ( 1 ) .
There a re  many d e f i n i t i o n s  o f  o b e s i t y .  I t  i s  perhaps b e s t  de f ined  
as t h a t  bod i ly  s t a t e  in which t h e re  i s  excess ive  accumulation o f  f a t  in  
both the  r e l a t i v e  and ab so lu te  sense (2 ) .  This g r e a t l y  expanded adipose  
t i s s u e  mass i s  caused by an in c re a s e  in  the  number as well  as the  s i z e  
o f  f a t  c e l l s  (h y p e rp la s ia )  in  o b e s i t y  o f  e a r l y  o n se t .  In o b e s i ty  o f  
l a t e r  onse t  th e re  i s  predominantly in c reased  "packing" o f  the  f a t  c e l l s  
with  t r i g l y c e r i d e s  (hypert rophy) (3 ) .  Experiments by Hirsch and Han (4) 
i n d i c a t e  t h a t  the  ad ipose  t i s s u e  in  young r a t s  grows by an in c re a s e  in  
both c e l l  number and s i z e .  By the 15th week of  l i f e  c e l l  number in  
the  r a t  becomes f ix e d  and f u r t h e r  change in  the  s i z e  o f  the  t i s s u e  
occurs  by an in c re a s e  in  the  c e l l  s i z e .  Extreme changes in  depot s i z e  
(induced by exper imenta l  obes i ty  o r  s t a r v a t i o n )  were i n e f f e c t i v e  in  
changing the  f i n a l  c e l l  number. Hirsch and h is  co l leagues  su g g es t  t h a t  
(a) There a re  a f ix ed  number o f  mature ad ip o cy te s ,  u na f fec ted  by changes 
in the  depot  s i z e ;  (b) the  adipocytes  (o r  t h e i r  p re c u rso r s )  a re  formed 
e a r l y  in l i f e  and t h a t  during a f i n i t e  p o s tn a t a l  p e r io d ,  c e r t a i n  
i n f lu en c es  (eg.  n u t r i t i o n a l )  may determine adipose c e l l  number.
Hyperlipaemia i s  a major consequence o f  o b e s i ty  and the  inc idence  
o f  h y p e r t r ig ly ce r id a e m ia  i s  high (5 ) .  The rep o r ted  frequency be ing 
dependent on the  d e f i n i t i o n s  of normal va lues  f o r  body weight and 
serum t r i g l y c e r i d e  l e v e l s .  Because i t  i s  a r e l a t i v e  term, hyper l ipaem ia
i s  r a t h e r  d i f f i c u l t  to  de f in e .  S t a t i s t i c a l  a n a ly s i s  o f  popu la t ion  
samples, of appa ren t ly  "hea lthy"  i n d i v i d u a l s  give s o - c a l l e d  normal 
v a lu es .  Ind iv id u a ls  wi th  values g r e a t e r  than the se  have an 
. increased r i s k  o f  developing coronary  h e a r t  d i s e a s e .
There i s  t h e r e f o r e  a growing body o f  workers who p r e f e r  to  draw the  
l i m i t s  of  norm al i ty  f o r  plasma l i p i d  l e v e l s  a t  about  those  c o n c e n t r a t io n s  
which correspond to  an excess ive  i n c r e a s e  i n  m o r t a l i t y  o r  m o rb id i ty  from 
h e a r t  d i s ea se  ( 6 ).
In a r e c e n t  survey of  a h ea l thy  p o p u la t io n ,  the  mean body weights  
of  men and women withan .equ ivoca l  Type 4 h ype r l ipop ro te inaem ia  were 
s i x  to e i g h t  Kg h igher  than in  the  r e s p e c t iv e  normolipaemic s u b j e c t s  ( 7 ) .
In the  plasma the  excess l i p i d  i s  t r a n s p o r t e d  predominantly  in  t h e
very low d en s i ty  l i p o p r o t e in  (VLDL) f r a c t i o n ,  which a l so  c o n ta in s  
inc reased  amounts o f  c h o l e s t e r o l , even when the  c h o l e s t e r o l  c o n c e n t r a t i o n  
in whole plasma i s  normal ( 8 , 9,  1G). Indeed,  th e  c h o l e s t e r o l  c o n t e n t  
in o th e r  l i p o p r o t e i n s ,  no tab ly  the  high d en s i ty  c l a s s  (HDL) may be
reduced (10) .  The combination o f  o b e s i t y  and h y p e r t r i g l y c e r id a e m ia  i s
a common f in d in g  among younger men p re s e n t in g  w i th  coronary  h e a r t  
d i s ea s e  (11) .  In a r e c e n t  study o f  men under the  age o f  50 in  whom 
coronary a r t e r y  d i sea se  was e s t a b l i s h e d  by angiography,  o b e s i t y  and 
h y p e r t r ig ly ce r id a e m ia  were f r eq u e n t  f in d in g s  (12) .  The r e s p e c t i v e  
inc idence  of  these  two r i s k  factors(71% and 49%)were g r e a t e r  than  t h a t  
f o r  any o t h e r  r i s k  f a c t o r  e . g .  h y p e rch o les te ro laem ia ,  smoking 
c i g a r e t t e s ,  abnormal glucose  t o l e r a n c e  o r  hype r tens ion .
E a r l i e r  e p i d e m i o l o g i c a l  s t u d i e s  f a i l e d  to  demonstra te  a s i g n i f i c a n t  
r e l a t i o n s h i p  between f a tn e s s  and serum c h o le s t e r o l  l e v e l s  (13 ) .  However, 
two more r e c e n t  s tu d i e s  of  l a r g e r  popu la t ions  have shown m arg in a l ly  
s i g n i f i c a n t  c o r r e l a t i o n s ,  a t  l e a s t  in  some age groups (14 ,  15).  D esp i te
t h i s  evidence f o r  some a s s o c i a t i o n  between weight change and the  serum 
c h o le s t e r o l  l e v e l ,  t h e re  i s  no ques t ion  t h a t  t h i s  i s  no t  n e a r ly  as 
impress ive  as t h a t  between obes i ty  and serum t r i g l y c e r i d e .  I t  i s  h ig h ly  
l i k e l y  t h a t  o b e s i t y  accentuates  those  metabolic  d i so rd e r s  t h a t  give 
r i s e  to  h y p e r t r ig ly ce r id a e m ia .  Obese d i a b e t i c s  a r e  more l i k e l y  to  have 
r a i s e d  serum t r i g l y c e r i d e  l e v e l s  than lean  d i a b e t i c  p a t i e n t s  (though both 
o b e s i ty  and h p e r t r ig ly c e r id a e m ia  a re  independent ly  r e l a t e d  to  
a t h e r o s c l e r o s i s  in  d i a b e t i c  p a t i e n t s )  (16) .
Other metabol ic  a b e r r a t io n s  are  common in  obese humans and 
animals.  These inc lude  impaired glucose  t o l e r a n c e ,  inadequa te  m o b i l i z a t io n  
o f  f a t t y  a c i d s ,  a s lu g g i sh  f r e e  f a t t y  ac id  response  to  exogenous i n s u l i n ,  
r e s i s t a n c e  to  k e to s i s  and a diminished growth hormone response  to  
hyperglycaemia ,  e x e r c i s e  and s t a r v a t i o n  (17) .
Attempts have been made to  mimic the  hyperl ipaemia  o f  o b e s i t y  in  
normal s u b j e c t s  by ove r feed ing .  Sims and h i s  co l le agues  nave s tu d i e d  
the  m etabol ic  dep a r tu re s  from normal observed during in d u c t io n  o f  o b e s i t y  
in a group o f  v o lun tee rs  in the  Vermont S t a t e  Pr ison  (18) .  These 
s u b je c t s  in g e s ted  two o r  t h r e e  times t h e i r  normal d a i l y  c a l o r i e  d i e t  
and gained an average o f  26% above t h e i r  i n i t i a l  lean weigh t .  As th e  
s u b je c t s  became obese ,  the  fo llowing metabolic  a l t e r a t i o n s  were noted 
compared t o  observa t ions  made when body weight o f  the  exper imental  
s u b je c t s  was normal:
1. Serum c h o le s t e r o l  and t r i g l y c e r i d e s  in c reased  and plasma f r e e  f a t t y  
ac ids  decreased.
2. Fa s t ing  plasma i n s u l i n  l e v e l s  in c re a se d .
3. Despite  the  in c re a s e  in  f a s t i n g  and pos tg lucose  i n s u l i n  l e v e l s ,  t h e r e  
was a s i g n i f i c a n t  reduc t ion  in  o ra l  and in t ravenous  g lucose  t o l e r a n c e .
4. With weight gain t h e re  was a p ro g r e s s iv e  impairment in  the  r i s e  in- 
plasma human growth hormone l e v e l s .
5. C or t i so l  l e v e l s  i n c re a s e d .
6 . Cell number o f  adipose  t i s s u e  c e l l s  remained c o n s t a n t  bu t  c e l l  s i z e  
in c reased  with a d i p o s i t y .
Three o u ts tand ing  d i f f e r e n c e s  between the  f i n d i n g s  in exper imental  
and spontaneous o b e s i t y  were observed in  th e  above s t u d y .  F i r s t ,  in  
c o n t r a s t  to the  f in d i n g s  in spontaneous o b e s i t y ,  t h e r e  was no in c r e a s e  
in  adipose  t i s s u e  c e l l  number ( h y p e r p l a s i a ) .  Second, t h e r e  was a f a l l  
in  the  plasma f r e e  f a t t y  ac id  l e v e l s  in th e  exper im enta l  o b e s i ty  compared 
to  spontaneous o b e s i ty .  Th i rd ,  in  general  the  v o lu n te e r s  who gained  
weight by e a t i n g  a mixed d i e t  consumed more excess  c a l o r i e s  than could  
be accounted f o r  by the  gain in weight and once they  had gained th e  
w e igh t ,  i t  r eq u i red  approximately 50% more c a l o r i e s  p e r  square  metre  o f  
body s u r face  area  f o r  them to main ta in  th e  added w eigh t .  Thus t h e i r  
n u t r i t i o n a l  e f f i c i e n c y  appeared to  be reduced and t h i s  i s  c e r t a i n l y  n o t  
the  case with  spontaneous obese humans and animals .  An obese p a t i e n t  
u su a l ly  main ta ins  h is  weight while  e a t i n g  1500 c a l o r i e s  p e r  square  metre 
pe r  day as compared with 2700 c a l o r i e s  p e r  square  metre  p e r  day r e q u i r e d  
to  mainta in  peak weight in the  induced o b e s i ty  c a s e s .  The above exper iment  
summarizes th e  major and im por tant f in d in g s  in o b e s i t y .
1.2 The ro l e  o f  i n s u l in  and glucagon in o b e s i ty  and hyper l ipaem ia
Centra l  to  the  d iscuss ion  o f  the  r e l a t i o n s h i p  o f  o b e s i t y  to  
h y p e r t r ig ly ce r id a e m ia  i s  the  ro le  o f  i n s u l i n .  The a s s o c i a t i o n  o f  o b e s i t y ,  
h y p e r t r ig ly c e r id a e m ia ,  diminished g lucose  d i sposa l  and r a i s e d  plasma 
i n s u l i n  l e v e l s  has been repor ted  in  s ev e ra l  s t u d i e s  (19 ,  2 0 , . 2 1 ) .  Perhaps 
the  most s t r i k i n g  endocr ine a l t e r a t i o n  in o b e s i ty  i s  th e  combination o f
hyper insu l inaem ia  ana the  presence o f  p e r ip h e ra l  i n s u l i n  r e s i s t a n c e ,  with
in c re a se d  responsiveness  o f  the p a n c r e a t i c  B- c e l l s  to  a v a r i e t y  o f
s t im u l i  inc lud ing  amino a c id s ,  i n s u l i n  secre togogues  and pharmacologica l
agents  (2 ) .  I t  has proved d i f f i c u l t  to  show t h a t  the  above m etabol ic
ab n o rm a l i t i e s  stem d i r e c t l y  from o b e s i t y .  I t  i s  n e v e r t h e l e s s ,  tempting
to  assume t h a t  o b e s i t y  reduces responsiveness  to  th e  a c t io n  o f  i n s u l i n
in key t i s s u e s  such as l i v e r ,  muscle and ad ipose  t i s s u e ,  which in  t u r n
lower glucose  u t i l i s a t i o n  and r a i s e s  plasma t r i g l y c e r i d e  l e v e l s .  In
r e c e n t  s t u d i e s  ( 2 1 ) in  overweight s u b j e c t s ,  the  p roduc t ion  o f
t r i g l y c e r i d e  was c o r r e l a t e d  to  a h igh ly  s i g n i f i c a n t  degree  w i th  i n s u l i n
r e s i s t a n c e ,  e s t im ated  from the  plasma glucose  response  to  i n s u l i n  i n f u s i o n .  
A f te r  w e igh t  r ed u c t io n  th e  i )  r e s i s t a n c e  to  i n s u l i n , i i )  p o s t -g lu c o se
i n s u l i n  c o n c e n t r a t i o n . i i i )  plasma t r i g l y c e r i d e  c o n c e n t r a t io n  and iv) t r i ­
g ly c e r id e  tu rnove r  r a t e  f e l l  s i g n i f i c a n t l y ,  emphasising the  modulating e f f e c t
of  fatness On the metabolic abnormalities.  V
Despite  the  s t ro n g  a s s o c i a t i o n  between h y p e r in su l in i sm  and 
h y p e r t r ig ly c e r id a e m ia  i t  has been d i f f i c u l t  to  demonstra te  d i r e c t l y  
t h a t  i n s u l i n  s t im u la te s  t r i g l y c e r i d e  fo rmat ion .  S tu d ie s  w i th  r a t  l i v e r  
have provided only su gges t ive  evidence (22) .  By c o n t r a s t  s u b j e c t s  w i th  
p a n c r e a t i c  i s l e t  c e l l  tumours are  not n e c e s s a r i l y  h y p e r t r i g l y c e r id a e m ic  (2 3 ) ,  
whereas i n s u l i n  d e f i c i e n t  d i a b e t i c s  may (24) .  This i s  n o t  s u r p r i s i n g  
s in ce  i n s u l i n  a f f e c t s  t r i g l y c e r i d e  metabolism in many ways: i t s
an t i  l i p o l y t i c  e f f e c t  reduces the  f l u x  o f  f r e e  f a t t y  ac id s  a s u b s t r a t e  
f o r  t r i g l y c e r i d e  p roduc t ion ,  while  i t s  s t im u la t io n  o f  l i p o p r o t e i n  l i p a s e  
a c t i v i t y  enhances t r i g l y c e r i d e  removal. I f  the  hype r in su l in aem ia  o f  
o b e s i ty  i s  r e l a t e d  to  h y p e r t r ig ly ce r id a e m ia  then t h i s  may be an a s s o c i a t i o n  
r a t h e r  than a casual r e l a t i o n s h i p  (25) .  Hyper insul inaemia  may r e f l e c t  
r e s i s t a n c e  in l i v e r ,  muscle and p o s s ib ly  adipose  t i s s u e  t o  the  a c t io n  o f  
i n s u l i n ,  lead ing  to  in c reased  s e c r e t i o n  from the  pan c rea s .  The d imin ished
responsiveness  to i n s u l i n  may on one hand r e s u l t  in  an in c reased  f l u x  o f  
f r e e  f a t t y  ac ids  and p recu rso r s  o f  glucose  to  the  l i v e r  lead ing  to  
overproduction o f  t r i g l y c e r i d e ,  while  on the  o th e r  hand, the  uptake o f  
t r i g l y c e r i d e  in  adipose  t i s s u e  and muscle, may be reduced.
I t  i s  well e s t a b l i s h e d  t h a t  the  f i r s t  s tep  in  the  a c t io n  o f
hormone i s  b inding  to a s p e c i f i c  reco g n i t io n  s i t e  on the t a r g e t  c e l l
known as a r e c ep to r .  This hormone-receptor complex then a c t i v a t e s
a d d i t io n a l  c e l l u l a r  p ro c e sse s ,  which in  tu rn  a re  followed by the  c e l l u l a r
response  c h a r a c t e r i s t i c  o f  t h a t  p a r t i c u l a r  hormone (26, 27,  28).  Thus,
i t  seemed ap p ro p r ia te  to begin a s se s s in g  th e  c e l l u l a r  bas is  f o r  i n s u l i n
r e s i s t a n c e  in o b e s i ty  and hyperl ipaemia  by focus ing  on t h i s  a s p e c t  o f
in s u l in  a c t i o n .  In t h i s  regard  Kahn e t  £]_. (29) were the f i r s t  to
s tudy the  i n s u l i n  r e c e p to r  in o b e s i ty .  These workers found a s t r i k i n g
decrease  in i n s u l in  bind ing to l i v e r  plasma membranes from the  g e n e t i c a l l y
obese (ob/ob) mouse. This decrease  in  b inding  was e n t i r e l y  accounted
f o r  by a decrease  in  the  number o f  i n s u l i n  r e c e p to r  s i t e s .  Subsequent work
from th e  same group (30) demonstrated t h a t  .although fewer in  number,
the  i n s u l i n  r e c e p to r  of  the  obese mouse were f u n c t i o n a l l y  normal . Decreased 
numbers o f  i n s u l i n - recep to r s  have a l so  been found in  f a t  ( 3 1 ) ,  c a r d i a c  muscle (32)
and lymphoid t i s s u e  (33) from the  ob/ob mouse. Therefore  i t  seemed
reasonable  to  conclude t h a t  as a g e n e ra l iz ed  phenomenon, c e l l s  from th e s e
animals had fewer i n s u l in  r e c ep to r s  than c e l l s  from lean c o n t r o l s .
Decreased numbers o f  i n s u l i n  r e c ep to r s  have been found in  a v a r i e t y  o f  
o the r  obese s t a t e s  both in  animals and humans. Thus,decreased numbers o f  
i n s u l in  r e c ep to r s  have been found in  l i v e r  membranes prepared from mice made 
obese by hypothalamic i n j e c t i o n  o f  gold t h io g lu c o s e ( 3 4 ) ;a d ip o c y te s (3 5 )a d ip o c y te
membranes (36) l i v e r  membranes(37) and s k e l e t a l  muscle(38)from o ld  spon taneous ly  
obese r a t s ; a n d  o f  c i r c u l a t i n g  monocytes(39,40) and i s o l a t e d  ad ipocy tes  (41,42)
from obese humans. Thus, decreased i n s u l i n  binding i s  widely  d i s t r i b u t e d  
in  a v a r i e t y  o f  obese s t a t e s .
In any i n s u l i n - r e s i s t a n t  s t a t e  the  i n s u l i n  r e s i s t a n c e  can t h e o r e t i c a l l y  
be due to one o r  more o f  fo u r  major c au se s : -
1) abnormal B - c e l l  s e c r e t o r y  p r o d u c t s . Since r e s i s t a n c e  to  exogenous i n s u l i n  
i s  seen in o b e s i t y  and hyper l ipaem ia ,  i t  seems h igh ly  u n l ik e ly  t h a t  the  
i n s u l i n  r e s i s t a n c e  o f  o b e s i t y  and hyperl ipaemia  i s  r e l a t e d  to s e c r e t i o n
o f  abnormal endogenous i n s u l i n  molecules o r  a l t e r e d  i n s u l i n - t o - p r o i n s u l i n  
r a t i o s .  Indeed c o n s id e rab le  evidence a g a i n s t  these  T a t t e r  p o s s i b i l i t i e s  
e x i s t s (4 3 ) .
2) i n s u l i n  d e g rad a t iv e  p r o c e s s e s : The p o s s i b i l i t y  t h a t  in  insul i n - r e s i s t a n c e  
s t a t e s ,  i n s u l i n  may be degraded f a s t e r  has been ru led  o u t .  On the  c o n t r a ry  
experiments  c a r r i e d  o u t  on lean and obese mice i n d i c a t e  t h a t  membranes from 
va r ious  t i s s u e s  o f  lean mice degrade i n s u l i n  f a s t e r  than  those  from t h e i r  
obese c o u n te r p a r t s  ( 2 9 ,3 0 ,3 1 ) .
3} c i r c u l a t i n g  i n s u l i n  a n t a g o n i s t s : The case fo r  c i r c u l a t i n g  i n s u l i n  
a n ta g o n i s t s  in  o b e s i t y  has r e c e n t l y  been reviewed ( 1 ) and a lthough s l i g h t  
d i f f e r e n c e s  in  c o r t i s o l  [44) and growth hormone (45,46)  s e c r e t i o n  have been 
descr ibed  in  o b e s i t y ,  th e  evidence in d i c a t e s  t h a t  t h i s  i s  not r e s p o n s i b l e  
f o r  the  i n s u l i n  r e s i s t a n c e  o f  t h i s  s t a t e .
A n t i r e c e p to r  a n t ib o d ie s  have been im pl ica ted  in  the  pa thogenes is  o f  
th re e  d i s e a s e s  i . e .  Grave 's  d i s e a s e ,  with  a n t ib o d ie s  to the  t h y r o i d  
s t im u la t in g  hormone recep to r ,m y as th e n ia  g r a v i s ,  with a n t ib o d ie s  to  th e  
a c e ty lc h o l in e  r e c e p to r  and a new syndrome a s s o c ia t e d  wi th  extreme i n s u l i n  
r e s i s t a n c e  and a ca n th o s i s  n i g r i c a n s ,  in which a n t ib o d ie s  to the  i n s u l i n  r e c e p to r  
have been found. In each of th e se  c o n d i t i o n s ,  a n t ib o d ie s  compete with  the  
hormone o r  t r a n s m i t t e r  f o r  r e c e p t o r  binding on the  ce l l  membrane (4 9 ) .
Like p a t i e n t s  with  o b e s i t y ,  p a t i e n t s  with  i n s u l i n  r e s i s t a n c e  due 
to  a can thos i s  n ig r i ca n s  have decreased  binding o f  i n s u l i n  to  i t s  membrane 
r e c e p t o r s .  However, th e se  p a t i e n t s  d i f f e r  from obese p a t i e n t s  in  t h a t
1 ) t h e i r  metabo l ic  d e f e c t  i s  more severe  than t h a t  seen in  o b e s i t y ,
2 ) a n a ly s i s  o f  th e  binding da ta  shows t h a t  th e  d e f e c t  i s  p r im a r i l y  one 
o f  reduced r e c e p to r  a f f i n i t y  r a t h e r  than o f  a reduced c o n ce n t ra t io n  o f  
normal r e c ep to r s  (4 7 ) ,  and 3} f a s t i n g  does no t  r e s t o r e  b inding toward 
normal as i t  does in obese p a t i e n t s .  These f i n d i n g s ,  t o g e th e r  with  the  
immunologic f e a tu r e s  seen in t h i s  syndrome, sugges t  t h a t  i t  i s  due to  
the  presence o f  an antibody t h a t  competes with  i n s u l i n  fo r  b inding to 
the  i n s u l i n  r e c e p to r  (4 8 ) .  Such a n t ib o d ie s  a re  a b s e n t  in  obese 
p a t i e n t s .
4) The fo u r th  p o s s ib l e  cause o f  i n s u l i n  r e s i s t a n c e  i s  t i s s u e  i n s u l i n  
i n s e n s i t i v i t y  a t  the  t a r g e t  c e l l  l e v e l ,  im p l i c a t in g  e i t h e r  a r e c e p to r  
o r  p o s t - r e c e p t o r  d e f e c t .  At the  r e c e p to r  l e v e l ,  t h e  fo rmation  o f  
i n s u l i n - r e c e p t o r  complexes could be a l t e r e d  by changes in  r e c e p to r  
a f f i n i t y  o r  number. P o s t - r e c e p to r  d e f e c t s ,  such as a l t e r a t i o n s  in  
i n t r a c e l l u l a r  pathways t h a t  mediate th e  c e l l  response  to  i n s u l i n ,  could 
a l so  r e s u l t  in  i n s u l i n  r e s i s t a n c e .  However, evidence from s t u d i e s  
mentioned above, show t h a t  the  d e f e c t  caus ing i n s u l i n  r e s i s t a n c e  in  ■ 
o b e s i t y  i s  a t  the  t a r g e t  c e l l  r e c e p to r  lev e l  and s p e c i f i c a l l y  invo lves  
the  i n s u l i n  r e c e p t o r .  F i r s t ,  obese humans and animals  bind l e s s  i n s u l i n  
to  t a r g e t  c e l l s  because o f  a decrease  in  i n s u l i n  r e c e p t o r  c o n c e n t r a t i o n  
on the  t a r g e t  c e l l .  Secondly, chron ic  d i e t  a m e l io ra te s  the  c l i n i c a l  
i n s u l i n  r e s i s t a n c e  and r e s u l t s  in  inc reased  c o n ce n t r a t io n  o f  r e c e p to r s  
t h a t  a r e  ab le  to now bind i n s u l i n  in  normal amounts. T h i r d ly ,  in  
o b e s i t y  the  i n s u l i n  r e c e p to r  can change i t s  a f f i n i t y  f o r  i n s u l i n  w i th o u t  
any change in  r e c e p to r  number (49) .
Glucagon i s  ano ther  p a n c r ea t i c  hormone which has a r o l e  in  f a t  and 
adipose  t i s s u e  metabolism.  However, the  r o l e  o f  glucagon in  o b e s i t y  i s  
no t  as c l e a r l y  def ined  as t h a t  o f  i n s u l i n .  To d a t e ,  the  c o r r e l a t i o n
between o b e s i t y  and c i r c u l a t i n g  glucagon l e v e l s  i s  un reso lved .  Despite  
e a r l y  r e p o r t s  t h a t  glucagon con cen t ra t io n s  may be in c re a s e d  in  o b e s i t y  (5 0 ) ,  
the  bulk o f  evidence now po in ts  to  normal f a s t i n g  glucagon c o n c e n t r a t i o n s ,  
normal suppress ion  fo l lowing  glucose  a d m in is t r a t io n  and v a r i a b l e  
responses  to  s t im u la t io n  by amino ac id  i n f u s io n s .  There a r e  c o n f l i c t i n g  
r e p o r t s  on the  A -ce l l  response to  aminogenic s t im u l i  and s t a r v a t i o n  in  
o b e s i t y .  Some i n v e s t i g a t o r s  have recorded an e x ces s iv e  response  to 
in t ravenous  a rg in in e  which was normalised fo l lowing  red u c t io n  to  a lean  body 
weight  (5 1 ) .  Others (52) have shown t h a t  A-cel l  response  to  in t r av e n o u s  
a rg in in e  i s  subnormal in  o b e s i t y .  However, in none o f  t h e se  s t u d i e s  
was th e  composit ion o f  the  d i e t  s t r i c t l y  c o n t r o l l e d ,  and i t  i s  well  
known t h a t  the  amount of  d i e t a r y  carbohydrate  a f f e c t s  both th e  basa l  
plasma glucagon and the  A-cel l  response  to amino ac id  s t i m u l a t i o n  (53) .  
Likewise,  obese s u b je c t s  have been repo r ted  to  e x h i b i t  e i t h e r  subnormal (54) 
o r  normal (55) i n c re a se s  in plasma glucagon l e v e l s  dur ing  s t a r v a t i o n .  The 
s t a t u s  of  A -cel l  func t ion  i s  f u r t h e r  confused by the  f i n d i n g  t h a t  
dexamethasone e l e v a t e s  the  basal  plasma glucagon and enhances t h e  A -c e l l  
response to in t ravenous  a lan ine  to  a g r e a t e r  e x t e n t  in  obese than  in  lean  
i n d iv id u a l s  (56) .  Thus, on the b a s i s  o f  in fo rm at ion  p r e s e n t l y  a v a i l a b l e ,  
glucagon does no t  appear to  play a c l e a r  r o l e  compared to  i n s u l i n  in  
o b e s i t y .
Glucagon belongs to  the  l i p o l y t i c  hormone group. In s e v e r a l  s p e c i e s  
glucagon enhances the  r e l e a s e , in v i t r o , o f  g lycero l  and f r e e  f a t t y  a c id s  
from p ieces  o f  ad ipose  t i s s u e  o r  i s o l a t e d  ad ipose  c e l l s  b u t  n o t  .
always to  the  same degree.  I t s  l i p o l y t i c  a c t i v i t y  has been demonst ra ted  
in  man, dog, fowl and r a t  (57,  58, 59, 50, 61).
In man a s in g l e  dose o f  glucagon given to p a t i e n t s  with primary 
hype r l ipopro te inaem ia  lowered plasma t r i g l y c e r i d e s  over  a pe r iod  o f  
f o u r  hours ,  bu t  did no t  produce any s i g n i f i c a n t  change in  plasma c h o l e s t e r o l . 
When glucagon was given d a i l y  over a per iod  o f  ten  days plasma c h o le s te ro l  
was lowered as were plasma t r i g l y c e r i d e s  ( 6 2 ,6 3 ) .  The f a l l  in plasma 
t r i g l y c e r i d e  l e v e l s  has been a sc r ibed  to  reduce h e p a t i c  t r i g l y c e r i d e  
o u tp u t  (64) o r  reduced apopro te in  s y n th e s i s  (65) caused by the  a c t io n  
o f  glucagon.
Endogenous h y p e r t r ig ly ce r id aem ia  may be caused by va r ious  f a c t o r s .
I t  has been suggested t h a t  one o f  th e se  f a c t o r s  might be r e s i s t a n c e  to  
th e  a c t io n  o f  glucagon (6 6 ,6 7 ) ,  e s p e c i a l l y  s in c e  many p a t i e n t s  wi th  hyper­
t r i g ly c e r id a e m ia  a re  hyper glucagonaemic.  However, E lke le s  and Hambley 
t e s t e d  the  above h y po thes i s ,  by s tudy ing  the  e f f e c t s  o f  exogenous glucagon 
in p a t i e n t s  with  h y p e r t r ig ly c e r id a e m ia ,  and found no evidence o f  glucagon 
r e s i s t a n c e  from such s tudy ( 6 3 ) .
1.3 Proposed models o f  a c t i o n  o f  i n s u l i n  and glucagon
As p re v io u s ly  mentioned, the  pr imary even t  in  the  a c t i o n  o f  
po lypep t ide  hormones and catecholamines i s  t h e i r  b inding  to  a s p e c i f i c  
s i t e  on the  plasma membrane o f  the  c e l l  known as " re ce p to r  s i t e " .
I n d i r e c t  evidence  t h a t  po lypep t ide  hormones a re  ab le  to  a c t  while  
on the  s u r f a c e  o f  c e l l s ,  i s  of s eve ra l  types and has  been reviewed
by Kahn e t  a K  ( 6 8 ) .  Although t h i s  evidence has r e c e n t l y  been ques t ioned
(69,70) i t  was taken to mean t h a t  the  hormone need not e n t e r  the  c e l l s  in  
o rde r  to  a c t .  Based on these  o b s e r v a t io n s ,  and the  d iscovery  o f  c y c l i c
AMP, Su ther land  and co-workers proposed the  "second messenger" hypo thes i s
o f  hormonal a c t i o n  (71) as a model f o r  pep t ide  hormonal a c t i o n .  This 
i s  i l l u s t r a t e d  in F i g . 1 .1 .
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Fig. 1.1 Proposed Model of Polypeptide Hormonal Action
According to  t h i s  model , p e p t id e  hormones t r a v e l  in  the  
c i r c u l a t i o n  to  t h e i r  t a r g e t  c e l l s  and a t ta ch  to  s u r f a c e  
r e c e p to r  s i t e s .  This binding r e a c t io n  a c t i v a t e s  an e f f e c t o r  
system, which then genera tes  an i n t r a c e l u l l a r  "second 
messenger" o f  hormonal a c t i o n .  In the case  o f  g lucagon ,  t h e  
e f f e c t o r  system i s  the  enzyme adeny la te  cyc la se  and the 
second messenger i s  c y c l i c  AMP.
The mechanism by which glucagon i s  thought to  s t im u la t e  l i p o l y s i s  has 
been e x t e n s i v e l y  s tu d i e d  by Rodbell and h i s  a s s o c i a t e s  (7 2 ) .  Based on the  
"second messenger" hypothes is  S te in b e rg  and Huttunen (73) p u t  forward 
a mechanism by which glucagon i s  b e l ieved  to  e x e r t  i t s  a c t i o n  on the  adipocyte  
to  s t i m u l a t e  i t s  l i p o l y t i c  a c t i v i t y  (F ig .  1 . 2 ) .
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Fig 1.2 The glucagon-induced l y p o l y t i c  cascade
As a f i r s t  s t e p  the hormone binds to  a s p e c i f i c  p r o t e in  r e c e p to r  
s i t u a t e d  on the  o u t e r  s u r fa ce  o f  th e  adipose  c e l l  plasma membrane. As, 
a consequence o f  the  g lu cagon- recep to r  i n t e r a c t i o n ,  a cascade of subsequen t  
events  u l t im a te ly  r e s u l t  in  the  s . t imula tion o f  l i p o l y s i s  (F ig .  1 . 2 ) .
These events  invo lve  su cc e s s iv e ly  adeny la te  c y c la se ,  p r o t e in  k in a se ,  c y c l i c  
AMP, horm one-sens i t ive  t r i g l y c e r i d e  l i p a s e  and f i n a l l y  t r i g l y c e r i d e  
breakdown. The in t im a te  mechanisms l in k in g  these  events  a re  only 
p a r t i a l l y  known.
The mechanism by which glucagon e x e r t s  i t s  g lycogeno ly t ic  a c t i v i t y  a l so  
involves  an e f f e c t o r - r e c e p t o r  complex (F ig .  1 .1 ) .  The second messenger  
i s  a l so  c y c l i c  AMP.
Despite  over f i f t y  year s  o f  re sea rch  concerning the  mechanism o f  
the  ac t io n  o f  i n s u l i n ,  i t  i s  s t i l l  no t  known how the  hormone r e g u l a t e s  
i t s  d iv e r s e  e f f e c t s  on i t s  t a r g e t  c e l l s .  Our ignorance o f  the  a c t i o n  
o f  i n s u l i n  c o n s t r a s t s  sha rp ly  with our  knowledge of  the  a c t io n  o f  
glucagon (74) .  Glucagon was d iscovered  ten y ea r s  l a t e r  than i n s u l i n ,  
b u t  i t s  mechanism of  a c t i o n ,  as p resen ted  above has been a p p r e c ia te d  f o r  
over a decade.
For many y ea r s  i n v e s t i g a t o r s  have searched f o r  a s i n g l e  mechanism 
t h a t  would exp la in  a l l  o f  the  known e f f e c t s  o f  i n s u l i n .  At p r e s e n t  
t h e r e  i s  a widely held  b e l i e f  t h a t  a l l  o f  i n s u l i n ' s  a c t i o n s  a re  the  
r e s u l t  o f  i t s  b inding  to  a s p e c i f i c  r e c e p to r  on the su r f a c e  o f  t a r g e t  
c e l l s  (69) .  With the  discovery  t h a t  c y c l i c  AMP was the  second messenger  
f o r  glucagon, an in t e n s iv e  search  ensued f o r  an analogous second 
messenger mechanism f o r  i n s u l i n .  I t  had been known t h a t  i n s u l i n  can 
antagonize  the  e f f e c t s  o f  hormones t h a t  a c t  v ia  c y c l i c  AMP, and i t  was 
l a t e r  found t h a t  under c e r t a in  c ircumstances  i n s u l i n  can decrease  t h e
honmoned-induced e le v a t io n s  o f  t h i s  nu c leo t id e  (75) .  F u r t h e r ,  i t  has 
been demonstrated t h a t  i n s u l i n  can in c rease  the  a c t i v i t y  o f  c y c l i c  AMP 
phosphod ies te ra se  (76 ) ,  the  enzyme t h a t  degrades c y c l i c  AMP, a n d ,  under 
c e r t a i n  c i rcum stances ,  i n s u l i n  can i n h i b i t  adenyla te  cy c la se  (7 7 ) .
Severa l  o th e r  subs tances  have been proposed as second messengers 
f o r  i n s u l i n .  Cyclic  GMP has been im pl ica ted  (78 ) .  Because i n s u l i n  i s  
known to  a l t e r  the  ion co n ten t  o f  t a r g e t  c e l l s  i t  has a l so  been p o s tu l a t e d  
t h a t  ions  may be second messengers f o r  i n s u l i n  (7 9 ) .  Calcium has been 
sugges ted  as an a l t e r n a t i v e  cand ida te  to  th e  c y c l i c  n u c l e o t id e s  i n  the  
a c t i o n  o f  i n s u l i n .  In t h i s  regard  th e  s t im u la t io n  by i n s u l i n  o f  the  
calcium/magnesium dependent ATPase and the  b inding o f  calcium by the  
i s o l a t e d  plasma membranes o f  f a t  c e l l s  may provide  im por tan t  c lu e s  to  
dete rmin ing  the  na tu re  o f  the  second messenger fo r  i n s u l i n  (8 0 ) .
To complicate  the  i s su e  f u r t h e r ,  t h e re  has been some evidence  
i n d i c a t i n g  t h a t  i n s u l i n  no t  only induces  i t s  e f f e c t s  v i a  a second 
messenger b u t  a l so  e n te r s  i t s  t a r g e t  c e l l s .  Using r a d io io d in a t e d  
i n s u l i n ,  i t  has been shown t h a t  i n s u l i n  i s  a s so c ia ted  with  n u c l e a r ,  
m i tochondr ia l  and microsomal f r a c t i o n s  (81 ,  82) both in  hepa tocy te  and 
lymphocyte s u b c e l l u l a r  f r a c t i o n s .
I t  i s  c e r t a i n l y  p o s s ib le  t h a t  i n s u l i n  r e g u la te s  a l l  o f  i t s  a c t i o n s  
v ia  a second messenger generated  a t  the  plasma membrane (7 4 ) .  However, 
s i n c e  i n t r a c e l l u l a r  s t r u c t u r e s  have s p e c i f i c  b inding  s i t e s  fo r  i n s u l i n ,  and 
s in c e  i t  i s  p o s s ib l e  t h a t  i n s u l in  does e n t e r  the  i n t a c t  c e l l  an a l t e r n a t i v e  
theo ry  provides  a s im ple r  exp lana t ion  f o r  th e  d iv e r s e  e f f e c t s  o f  t h i s  
hormone. According to t h i s  fo rmula t ion  i n s u l i n  in  the  e x t r a c e l l u l a r  
f l u i d  binds to  r e c e p to r s  on the  c e l l  su r f a c e  and, as a d i r e c t  r e s u l t  o f  
t h i s  i n t e r a c t i o n ,  t h e r e  are  changes in  plasma membrane f u n c t i o n ,  such
as t r a n s p o r t  and enzyme a c t i v i t y .  In a d d i t io n  to  t h i s ,  i n s u l i n  e n t e r s  the. 
i n t e r i o r  o f  the  c e l l , where i t  b inds  to the  nuc leus ,  endoplasmic r e t i c u lu m ,  
Golgi appara tus  and o t h e r  s t r u c t u r e s .  As a d i r e c t  r e s u l t  o f  i t s  b inding  
to  the se  i n t r a c e l l u l a r  s t r u c t u r e s ,  i n s u l in  i t s e l f  then mediates  va r ious  
i n t r a c e l l u l a r  fu n c t io n s  lead ing  to  the  s y n th e s i s  o f  DNA, RNA and p r o t e i n .  
This i s  shown d iag ram m at ica l ly  in F ig .  1 .3 .
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Fig. l  . 3 Proposed Model of Insulin Action. Receptor-Transducer - 
Internalization Model. Modified after Steiner (80)
Fig .  1 .3  shows a proposed model o f  i n s u l i n  a c t i o n .  On th e  l e f t  
o f  the  f i g u r e  i s  the  conventional model based on r e v e r s i b l e  e x te r n a l  
b inding  of i n s u l i n  and i t s  r e c e p to r .  In t h i s  scheme i n s u l i n  
must d i s s o c i a t e  from i t s  r e c e p to r  in o rd e r  to  be degraded by enzyme 
system in  the  e x t r a c e l l u l a r  space .  As a consequence o f  i n s u l i n  b inding  
a t  the  r e c e p t o r ,  a second messenger des igna ted  X' i s  genera ted  to  
produce some o f  i t s  b io lo g ic a l  a c t i v i t i e s  (eg.  p e rm e ab i l i ty  and t r a n s p o r t ) ,  
v ia  modulation o f  p ro t e in  kinase  an d /o r  phosphatase  a c t i v i t i e s  w i th in  
the  c e l l  and perhaps w i th in  i t s  plasma membrane. On th e  r i g h t  o f  the
f i g u r e  i n s u l i n  monomer passes  in to  the  c e l l  through a channel in  the  membrane 
o r  v ia  p in o c y t o s i s ,  I t  i s  be l ieved  t h a t  only 2% o f  the  mass o f  i n s u l i n -  
r e c e p to r  complex behaves in  t h i s  way. Once in s id e  the  c e l l  th e  i n s u l i n  i s
degraded r a p id ly  .and f u r t h e r  reduced to  sm a l le r  fragments by p r o t e o l y t i c  
systems. Some o f  the  i n s u l i n ,  o r  pe rhaps ,  more l i k e l y ,  s p e c i f i c  fragments o f
the  hormone might a c t  d i r e c t l y  o n . c e l l u l a r  components e i t h e r  as second
messengers o r  by r e in f o r c in g  the a c t io n  o f  a ' r e c e p t o r - g e n e r a t e d  second 
messenger X. The a c t io n  i s  p o s s ib ly  c a r r i e d  on the; i n t r a c e l l u l a r  components 
by a l t e r e d  p r o t e in  phosphoryla t ion  t o ' a c t i v a t e  RNA, DNA s y n th e s i s  to  produce 
enzymes f o r  p r o t e i n ,  l i p i d  and glycogen s y n th e s i s  (80 ) .
1.4  Animal models o f  o b e s i ty  and hyperl ipaemia
Obesity can m an i fes t  i t s e l f  in  a wide number o f  ways. I n v e s t i g a t o r s  
i n t e r e s t e d  in the f i e l d  o f  o b e s i ty  have a number o f  models from which 
to  choose.  For ease  o f  c l a s s i f i c a t i o n  these  models can be d iv ided  i n t o  
f i v e  major groups (83) :
1 ) Obesity fo l lowing  ventromedial  hypothalamic i n j u r y .
2) Endocrine imbalance.
3) Physical  i n a c t i v i t y .
4) N u t r i t i o n a l  o b e s i t y .
5) Genetic o b e s i t y .
D e ta i led  s t u d i e s  on many o f  th e se  exper imental  forms o f  o b e s i t y
have provided i n s i g h t  i n t o  some o f  the  mechanisms by which human o b e s i t y
develops (84) .  Genetic  obes i ty  w i l l  be one o f  the  s u b je c t s
s tu d ie d  in  d e t a i l  in  t h i s  t h e s i s .  Animals e x h i b i t i n g  o b e s i t y  have
r e c e n t l y  been reviewed by Herberg and Coleman (85) .  There a r e  many types
o f  mice which e x h i b i t  o b e s i ty  with  hyperglycaemia and hy p e r in su l in aem ia .
These in c lu d e  the  ye l low obese ,  obese ,  d i a b e t e s ,  KK, New Zealand obese
and Wel les ley  hybrid  mice.
1 . 4 . 1 .  The Zucker Rat
Of sp ec ia l  i n t e r e s t  to us i s  the  g e n e t i c a l l y  obese Zucker r a t  (R a t tus  
n o rv eg icu s ) .  The type o f  o b e s i ty  e x h ib i t e d  by t h i s  s t r a i n  o f  r a t  i s  
a s s o c ia te d  with  marked p e r iphe ra l  i n s u l i n  r e s i s t a n c e  y e t  wi th  complete 
absence o f  hyperglycaemia,  a combination which i s  always a s s o c i a t e d  w i th  
o b e s i t y  (8 5 ) .
The Zucker ( f a / f a )  r a t  i s  one o f  a group o f  animals t h a t  i n h e r i t  
o b e s i ty  as an autosomal Mendelian r e c e s s iv e  gene ( 8 6 ) .  Many f e a t u r e s  o f  
the  f a t t y  Zucker r a t  a re  s i m i l a r  to  those  found in  o t h e r  obese  an im als ;  they  
inc lude  in c reased  food i n t a k e ,  hyper in su l inaem ia ,  en la rged  f a t  c e l l s  
(hypert rophy) and a l t e r e d  func t ion  o f  the  endocr ine  system. The f a t t y  
co nd i t ion  can be f i r s t  d e tec te d  by weight and appearance  as e a r l y  as 
th r e e  weeks o f  age and is  very apparen t  by f i v e  weeks (85) .
While the  male f a t t y  r a t s  have sex organs o f  g e n e r a l ly  normal 
appearance and have o c ca s io n a l ly  been f e r t i l e ,  the  females show a s m a l l ,  
underdeveloped u te rus  and a re  uniformly s t e r i l e .  T h e re fo re ,  p h e n o ty p ic a l ly  
normal he te rozygo tes  o f  both sexes must be depended upon f o r  
con t inu ing  the  s tock  ( 8 6 ).
Second to the  obese appearance ,  the  most s t r i k i n g  s ign  o f  the  f a t t y  
r a t  I s  l a c te sce n c e  (milky appearance) o f  the  blood serum. This s e t s  in 
s h o r t l y  a f t e r  weaning, and soon becomes very i n t e n s e .  Total  f a t t y  ac id  co n ten t  
o f  th e  serum reaches  ten  t imes the  level  observed in  non-obese r a t s ,  and' 
c h o le s t e ro l  and phosphatides  a r e  r a i s e d  by about  a f a c to r - o f .  f o u r .  Blood l i p i d  
l e v e l s  remain very high even a f t e r  an 18-hour f a s t .  On the  o t h e r  hand,blood 
sugar  does not r i s e  much above the  normal range in fed or  f a s t e d  f a t t y  
r a t s .
The in c re a se  in  serum l ip o p r o t e i n s  was one o f  the  e a r l i e s t  a b n o rm a l i t i e s  
desc r ibed  in the  f a t t y  r a t  (87) and i s  a s so c ia te d  with a s u b s t a n t i a l  in c r e a s e  
in  t r i g l y c e r i d e s  (8 8 ) .  The leve l  o f  l i p o p r o t e i n s . i n c r e a s e s  with age .  The major 
i n c re a s e  i s  in  the  very low d e n s i t y  l i p o p r o t e i n  f r a c t i o n  which has a - h ig h e r  p e r ­
c e n t  o f  t r i g l y c e r i d e  (78%) as compared to  t h e i r  lean  c o u n t e r p a r t s ' (60%), Low 
d e n s i t y  l i p o p r o t e i n  0-DL) and high d en s i ty  l i p o p r o t e i n s  (HDL) are  a l so  in c reased  
in  serum from f a t t y  r a t s  (8 9 ) .
Blood su g a r ,  b a s a l l y  and a f t e r  glucose load i s  normal in the  Zucker 
f a t t y  r a t s  as compared to  t h e i r  lean  co n t ro l s  (90 ) .  The r a t e  o f  d is appearance  
o f  blood glucose  following i n t r a p e r i t o n e a l  i n j e c t i o n  o f  g lu co se ,  i s  s i m i l a r  
in  f a t t y  and contro l  r a t s  aged 5-6 weeks and again a t  50 weeks. At the  
in te rm ed ia te  age o f  20 weeks the  g lucose  d isappea rs  from the  blood o f  f a t t y  
r a t s  more slowly than from the  blood o f  t h e i r  lean  c o n t r o l s .
Dif ferences  in  the  a c t i v i t y  o f  seve ra l  g l y c o l y t i c  and g luconeogenic  
enzymes in  the l i v e r  and ad ipose  t i s s u e  have a lso  been re p o r te d  in the  
Zucker r a t s .  Measurement o f  g lycerok inase  showed an e l e v a t i o n  in the  a c t i v i t y  
o f  t h i s  enzyme in the  adipose  t i s s u e  o f  the f a t t y  r a t ( 9 1 ) .  I n c rease s  in  a c t i v i t y  
o f  g lu c o se - 6-phosphate  dehydrogenase,  malic  enzyme and c i t r a t e  c leavage
enzymes and which dec l ined  w i th  age have a lso  been r e p o r te d  in  the  
Zucker f a t t y  r a t s  (92 ) .  The inc reased  r a t e  o f  l i p o g e n e s i s  shown by 
th e s e  animals i s  a s so c ia te d  in  an increased  r a t e  o f  the  f a t t y  ac id  
d e s a tu ra s e  (93) .
Endocrine changes in  th e  Zucker f a t t y  r a t  have been the  s u b j e c t  
o f  c o n s id e rab le  s tu d y .  Hyperinsulinaemia appears as e a r l y  as 3 to  4 
weeks o f  age and i s  in f luenced  by the  q u a n t i t y  o f  carbohydrate  in the  
d i e t  and by th e  s i z e  o f  the  l i t t e r  (90) .  I n s u l i n  c o n cen t ra t io n  in the  
pancreas  i s  a l so  in c reased  (94) and the  r e l e a s e  o f  i n s u l i n  from i s o l a t e d  
i s l e t s  in  response to  g lucose  i s  enhanced (9 5 ) .  R e s t r i c t i o n  o f  food 
in ta k e  by p a i r - f e e d in g  lowers i n s u l i n  though not to  normal (9 4 ) .  Only 
w i th  r e s t r i c t i o n  o f  d i e t a r y  in ta k e  to  t h r e e - f o u r t h s  o f  t h a t  e a te n  
by lean  an im als ,  o r  by t o t a l  s t a r v a t i o n ,  can i n s u l i n  be r e s to r e d  to  
normal (90 ) .  I n s u l i n  r e s i s t a n c e  o f  the  Zucker f a t t y  r a t  diaphragm 
to  g lucose  uptake i n  vivo both Basa l ly  and a f t e r  i n j e c t e d  i n s u l i n  has 
Been demonstrated (9 0 ) ,  as well as i n s u l i n  r e s i s t a n c e  o f  adipose  t i s s u e  
and s k e l e t a l  muscle (96 ) .
In  c o n t r a s t  to i n s u l i n ,  glucagon le v e l s  in  the  pancreas  o f  th e se  r a t s  
a re  normal bu t  the  c i r c u l a t i n g  c o n cen t ra t io n  o f  glucagon i s  s a i d  to  be decreased
(9 7 ) .  I n s u l i n ,  p r o i n s u l i n  and glucagon e x t r a c t e d  from Zucker obese r a t s  
were s a id  to  be i n d i s t i n g u i s h a b l e  by radioimmunoassay, r a d io r e c e p to r a s s a y  
and b ioassay  from th e  i n s u l i n ,  p r o in s u l in  and glucagon o f  t h e i r  lean  
l i t t e n n a t e s  (98 ) .
Other endocr ine  changes have a l so  been demonstrated in  the  Zucker 
f a t t y  r a t  and summarised By Bray (99) .  These inc lude  an i n c re a s e  in 
f o l l i c l e - s t i m u l a t i n g  hormone and l u t e i n i z i n g  hormone, d imin ished  up take  
o f  r a d i o a c t i v e  iod in e  and rep roduc t ive  f u n c t io n .
1 .4 .2  -  Cobal t -Ch lo r ide  Induced Hyperlipaemia:
In c o n t r a s t  to  th e  h e r e d i t a r y  hyperl ipaemia  a s so c ia t e d  with  o b e s i t y  . r 
as e x h ib i t e d  by t h e  Zucker f a t t y  r a t ,  ano ther  animal model o f  hyper l ipaemia  
not a s s o c ia te d  w i th  o b e s i t y  was chosen f o r  the  p r e s e n t  s tu d y .  This model 
o f  induced hyper l ipaem ia  i s  th e  c o b a l t  c h l o r i d e - t r e a t e d  W is ta r  a lb ino  r a t s .
I t  has been known f o r  over 40 y ea r s  t h a t  many animals in c lu d in g  man, 
develop polycythemia in  response  to  small doses o f  c o b a l t  (100) .  Thus,  c o b a l t  
has been used f o r  the  t r e a tm e n t  o f  some types o f  anaemia. Commonly a s s o c i a t e d
with, th e  polycythaemia  produced by c o b a l t  t r e a tm e n t  i s  an induced hyper l ipaem ia  
Hyperlipaemia a f t e r  coba l tous  c h lo r id e  t r ea tm en t  has been shown to  occur  in a
v a r i e t y  o f  animal s p e c i e s ,  e . g .  r a b b i t s  (101},  chicken (102) ,  and r a t s  (103) .
In animals ,  d i f f e r e n t  responses  were observed depending upon the  
dose g iven .  Careh and Corbo (104) demonstrated t h a t  a s i n g l e  in t r avenous  
i n j e c t i o n  o f  c o b a l t  c h lo r id e  i n t o  r a b b i t s  caused marked e l e v a t i o n  o f  serum 
c h o le s te ro l  l e v e l s  w i th in  24 h o u rs ,  peaking a t  2-3 days and r e tu r n in g  to  
normal by 6-7 d a y s .  They did  not perform q u a n t i t a t i v e  s t u d i e s  on o t h e r  
l i p i d  f r a c t i o n s ,  b u t  did n o t i c e  t h a t  a t  24 hours ,  the  serum from th e s e  
animals was ex tremely  l ipaemic  (m i lky) .  The ir  f ind ings  in  the  r a b b i t  were 
confirmed by o t h e r s  ( 101) ,  who a l s o  repor ted  d e p le t i o n  o f  l i v e r  g lycogen, 
foca l  n e c ro s i s  and f a t t y  changes in l i v e r  and myocardium with  l e s s  severe  
f a t t y  changes in th e  k idneys .
Caplan and Block (105) found t h a t  c o b a l t  c h lo r id e  a d m i n i s t r a t i o n  to  
r a b b i t s  r e s u l t e d  i n  la rg e  i n c re a s e s  in t o t a l  serum l i p i d s  and o f  t h e s e ,  
t r i g l y c e r i d e s  in c reased  most c o n s i s t a n t l y  and to  the l a r g e s t  e x t e n t .
Tennent e t  j iV  (102) found t h a t  subcutaneous i n j e c t i o n s  o f  c o b a l t  c h l o r i d e
I n t o  chickens were a s s o c ia te d  with high l e v e l s  o f  serum c h o le s t e ro l  
and inc reased  1 atheroma formation.
Caplan ejt a/[ (106) rep o r ted  th e  case o f  a p a t i e n t  i n  which c o b a l t  
t o x i c i t y  was re sp o n s ib le  fo r  secondary hyperl ipaemic xanthomas,  g o i t r e  
and marked hypothyroid ism. In t h i s  r e p o r t  they reviewed a l l  p rev ious  
cases  o f  coba l t - induced  g o i t r e , t o g e t h e r  with  exper imental  s t u d i e s  in  
animals t r e a t e d  w i th  c o b a l t  c h lo r id e ,  in  an a t t e m p t  to  e s t a b l i s h  whether  
the  e l ev a te d  serum l i p i d s  a s so c ia t e d  with  c o b a l t  c h lo r id e  were secondary  
to hypothyroid ism. They concluded t h a t  th e  e l e v a t i o n  o f  serum l i p i d  
l e v e l s  fo llowing  c o b a l t  c h lo r id e  t r e a tm e n t ,  i n  d i f f e r e n t  animal s p e c ie s  
and in man,was not secondary to hypothyro idism, b u t  due to  th e  e f f e c t  o f  
c o b a l t  on l i p i d  metabolism through unknown mechanisms.
The e f f e c t  o f  chronic  c o b a l t  a d m in i s t r a t io n  on the  c o n c e n t r a t i o n  o f  
glucagon and i t s  p h y s io lo g ic a l  a c t i v i t y  in  the  r a t  was examined by Eaton 
(103) .  Basal plasma l e v e l s  o f  the  hormone were e l e v a t e d  and r o s e  markedly 
in response  to an a rg in in e  i n f u s i o n . ,  However, the  r i s e  in  serum g lu c o se  i n  
response  to  t h i s  exaggera ted  e l e v a t i o n  in serum glucagon c o n c e n t r a t i o n ,  was 
subnormal. S i m i l a r l y , the  hyperglycaemic response  to exogenous glucagon 
was subnormal. I n s u l in  l e v e l s  were s i m i l a r  in  the  c o b a l t  t r e a t e d  r a t s  to  
those  in the  c o n t r o l s .. I t  was t h e r e f o r e  concluded t h a t  th e  hyperglucagonaemia 
observed in the  c o b a l t  c h l o r i d e - t r e a t e d  r a t  was a s s o c i a t e d  wi th  the  induced 
h e p a t i c  r e s i s t a n c e  t o :the  g lucose-m obi l iz ing  a c t i o n  o f  g lucagon.  I t  was 
f u r t h e r  sugges ted  by Eaton and h is  co l leagues  (66 ,67)  t h a t  lo s s  o f  the  
normal hypol ipaemic a c t io n  o f  glucagon a c t i v i t y  might  be r e s p o n s i b l e  f o r  t h e  
development and /o r  maintenance o f  endogenous hyper l ipaem ia  observed in  the  
c o b a l t  c h l o r i d e - t r e a t e d  r a t s  and o t h e r  g e n e t i c  and acquired  types  o f  
h y p e r l ip a em ia .
Even i f  t h i s  exp lan a t io n  i s  c o r r e c t  the  mechanism o f  c o b a l t  c h l o r i d e -  
induced hyper lipaemia  in  exper imental  animals i s  poor ly  unders tood (107 ,108 ,  
109).  The hypothes is  t h a t  p r e v a i l e d  as a r e s u l t  o f  the  work o f  Van Compenout 
and Cornelius  (110) was t h a t  c o b a l t  s e l e c t i v e l y  des t royed  t h e  A c e l l s  ( t h e  
glucagon producing c e l l )  o f  the  p a n c r e a t i c  i s l e t s .  This led  to  acu te  
glucagon r e l e a s e  fol lowed by ch ron ic  glucagon d e f i c i en c y  which gave r i s e  
to  e l e v a te d  plasma glucose  and l i p i d  l e v e l s .
1.5  I n v e s t i g a t i o n  on o b e s i t y  and hyperl ipaemia  f o r  the  p r e s e n t  s t u d i e s :
As a l ready  mentioned, two animal models o f  hyperl  ipaemia were chosen 
f o r  s tu d y .  The Zucker f a t t y  r a t ,  a model o f  gross  h e r e d i t a r y  hyper l ipaem ia  
a s s o c ia te d  with  o b e s i t y ;  and the  c o b a l t  c h l o r i d e - t r e a t e d  r a t ,  a model o f  
moderate induced hyper l ipaem ia .  The fo llowing i n v e s t i g a t i o n s  were c a r r i e d  
o u t  on th e se  two models;
1.  The e f f e c t  o f  o b e s i t y  and hyper lipaemia  on carbohydrate  metabolism 
and the r o l e  o f  i n s u l in  and glucagon.
2.  The r o l e  o f  l i p a s e s  in  p a r t i c u l a r  hormone s e n s i t i v e  l i p a s e  and 
l i p o p r o t e i n  l i p a s e  in  o b e s i t y  and hyperl ipaemia  and the  e f f e c t  o f  
c o b a l t  on th e se  two enzymes.
3.  The r o l e  o f  i n s u l i n  and glucagon l i v e r  and adipose  t i s s u e  r e c e p t o r s  
in  the  genes is  o f  the  i n s u l i n  r e s i s t a n c e  o f  the Zucker f a t t y  r a t  and 
th e  proposed glucagon r e s i s t a n c e  o f  th e  c o b a l t  c h l o r i d e - t r e a t e d  r a t .
4 .  The e f f e c t  o f  induced chronic  hyperglucagonaemia on th e  Zucker f a t t y  
r a t .
5 .  C e l l u l a r  and s u b c e l l u l a r  d i s t r i b u t i o n  o f  c o b a l t  in  the c o b a l t  c h l o r i d e -  
t r e a t e d  r a t  and the  c o r r e l a t i o n  between c o b a l t  l e v e l s  and th e  d u r a t i o n  
o f  h y p e r t r i g l y c e r id a e m ia .
Conclusions drawn from the se  s tu d i e s  and p o s s i b l e  mechanisms f o r  
i n s u l i n  r e s i s t a n c e  o f  the  Zucker f a t t y  r a t  and i t s  h y p e r t r ig ly c e r id a e m ia  
as well as t h a t  o f  the  c o b a l t  c h l o r i d e - t r e a t e d  r a t  w i l l  be p r e s en te d .
CHAPTER TWO 
MATERIALS AND METHODOLOGICAL DEVELOPMENT
A: MATERIALS
1. Animals
i .  Wis tar Albino (W/A) R a t s : Male W is tar  a lb ino  r a t s  aged 4-6 weeks 
were used throughout t h i s  s tudy .  These an imals ,  bred a t  the  U n iv e rs i ty  
o f  Sur rey Animal U n i t ,  served as a model fo r  induced hyperl ipaemia  
fo llowing c o b a l t  c h lo r id e  t r e a tm e n t .
Male r a t s  (100-120 gm) were t r e a t e d  with  c o b a l t  c h l o r i d e .  4 mg CoC^ 
per g body weight pe r  day was given subcutaneously  f o r  10 days with  9 days 
r e s t  a f t e r  th e  f i r s t  f i v e  i n j e c t i o n s .  Normally,  20-24 animals were t r e a t e d  
per  b a t c h .
Unless o therw ise  s t a t e d  a l l  CoCl^- t rea ted  r a t s  used th roughout t h i s  
s tudy  were experimented on a f t e r  10-15 days o f  l a s t  CoCl^ i n j e c t i o n .
i i .  Zucker R a t s : Ra ts ,  homozygous f o r  the  f a t t y  gene ( f a )  and bred
from heterozygous t h i n  s t r a i n  in  which the  ( f a )  gene has been i n c o rp o ra te d ,  
were used to g e th e r  with  t h e i r  n o n - f a t ty  l i t t e r  mates.  These animals were 
bred a t  the  U n iv e r s i ty  o f  Surrey Animal Unit ;  an example i s  shown in  F i g . 2 . 1 .
All r a t s  were fed a commercial p e l l e t  d i e t  ( S p r a t t  Lab. Die t  No. 1) 
ad l i b i t u m . The d i e t  conta ined 4.5% f a t ,  21.5% p r o t e in  and 42% 
carbohydra te .
2. Chemicals
Adenylyl-imidophosphate t e t r a  l i th iu m  s a l t  (Boehr inger Mannheim, Germany)
Adenosine-51- t r ip h o s p h a te  (Boehringer Mannheim, Germany)
C re a t in e  Kinase (E .C .2 .7 .3 .2 )  (Boehr inger Mannheim, Germany)
C rea t ine  phosphate (Boehringer Mannheim, Germany)
Lactoperoxidasesuspension ( E . C . l . 1 1 . 1 . 7 ,  (Boehringer Mannheim, Germany)
160U/mg)
Adenosine-5'-monophosphate (BDH Chemicals ,  Poo le ,  England)
Polye thylene  glycol 6000 
Chloramine T 
Theophylline
3 - I so b u ty l - l -m e th y l  xanth ine  
C r y s t a l l i n e  bovine i n s u l in  
C r y s t a l l i n e  porc ine  glucagon 
Long-act ing glucagon 
Dextran T-500 
QAE-Sephadex A-25 
DEAE-Sephadex A-25 
Sephadex G-25 
PPO and P0P0P 
Ins tage l
Hyamine hydroxide
Synperonic Lissapol-NXP
Bovine Serum albumin 
125C a r r i e r  f r e e  Na I S o lu t ion  (S.A.
u  ll-17mCi/ycj)
D- U- C glucose  (S.A. 230mCi/m mol.)
D- U-U C Fructose  (S.A. 250mCi/m mol.)  
c y c l i c  8 -^H cAMP (S.A. 26 Ci/m mol.)  
UDP-[U-^C]glucose (S.A. 200 mCi/mmol) 
I n t r a l i  pi d 
T r io l e in  (99% pure)
T r i to n  X-100 
Trasy lo l
Routine Chemicals o f  Analar Grade
(BDH Chemicals,  Poo le ,  England) 
(BDH Chemicals,  Poo le ,  England) 
(BDH Chemicals,  Poo le ,  England) 
(Aldr ich  Chem. ,  U.S.A.)
(E l i  L i l l y  C o . , U.S.A.)
(E l i  L i l l y  Co.,  U.S.A.)
(Novo, Copenhagen, Denmark) 
(Pharmacia Fine Chemicals ,  Sweden) 
(Pharmacia Fine Chemicals,  Sweden) 
(Pharmacia Fine Chemicals ,  Sweden) 
(Pharmacia Fine Chemicals ,  Sweden) 
(Packard ,  Sw i tze r land)
(Packard ,  Sw itze r land)
(Packard ,  Switze r land)
( I C I ,  B n i in g h am ,  England)
(Sigma, U.S.A.)
(Radiochemical Cen t rd ,  Amersham) 
(Radiochemical C en t re ,  Amersham) 
(Radiochemical C en t re ,  Amersham) 
(Radiochemical C en t re ,  Amersham)
(Radiochemical Cent re ,  Amersham) 
(Kabi Vituim, Sweden)
(Sigma, U .S .A .)
(BDH Chemicals,  Poole ,  England) 
(Bayer,  W. Germany)
(BDH Chemicals,  Poo le ,  England)
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Fig. 2.1 Fifteen week-old female Zucker f a t ty  r a t  and i t s  lean 
l i t te r -m ate .
B: Methodological  Development
2 .1 .  I s o l a t i o n  and P u r i f i c a t i o n  of  Rat Liver Plasma Membrane
The plasma membrane plays  a very important r o l e  in c e l l u l a r  metabolism 
and f u n c t io n .  The method o f  i s o l a t i o n  o r i g i n a l l y  developed by N ev i l le  (111) 
and l a t e r  modif ied by Enmelot e t  _al_. (112) made p o s s i b l e  th e  s tudy  o f  i t s  
biochemical p r o p e r t i e s .  However, th e s e  methods g ive  a low y i e l d  of 
membranes. Other workers ,  Tackenchi e t  a l .[113) f o r  example,  developed 
methods f o r  plasma membrane i s o l a t i o n  using i s o t o n i c  medium. In some 
o f  th e se  methods th e  membrane y i e l d  was inc reased  but a c t i v i t y  o f  
t h e  fu n c t io n a l  enzymes were comparatively  low.
The above methods, now termed th e  " c l a s s i c a l "  p rocedu res ,  r e l i e d  
on sucrose  d e n s i ty  g r a d i e n t  techniques  and have been shown to  cause 
s t r u c t u r a l  damage as a r e s u l t  o f  sed im enta t ion  through s o l u t i o n s  
having a high i n t e r f a c i a l  tens ion  (114) .
L a te r  methods have used a two-phase polymer ( d e x t r a n -p o ly e th y le n e  
g ly c o l )  system. This has a more s t a b i l i z i n g  e f f e c t  on t h e  plasma 
membrane and o th e r  c e l l  o rg a n e l l e s  than the sucrose  g r a d i e n t  
technique  (115) .
Crude plasma membranes can a l so  be i s o l a t e d  using a s tan d a rd  d i f f e r e n t i a l  
c e n t r i f u g a t i o n  te chn ique .  In th e se  techniques  d i f f e r e n t  plasma membrane 
f r a c t i o n s  which sediment with  d i f f e r e n t  c e l l u l a r  o r g a n e l l e s ,  can be 
ob ta ined  e . g .  n u c le a r ,  mitochondria l  and microsomal membranes. These 
f r a c t i o n s ,  al though not f i t  to  use f o r  hormone-receptor i n t e r a c t i o n  
s t u d i e s ,  were found to  be very useful  f o r  comparative  s tu d i e s  on plasma 
membrane marker enzymes and adeny la te  cy c la se  e s t i m a t i o n s .
Methods:
Three methods r e p re se n t in g  each o f  the  above th re e  p r i n c i p l e s  were 
chosen f o r  exper im enta t ion  in  o rd e r  to  choose the  a p p ro p r ia t e  procedure
f o r  subsequent work.
1. Two-phase polymer ( p o ly e th y le n e g ly c o l - d e x t r a n ) : This was de sc r ib ed  in
d e t a i l  by Lesko e t  al_. (115) and i s  summarized below.
W/A r a t s  were k i l l e d  by ce rv ica l  d i s l o c a t i o n .  T h e i r  l i v e r s  were 
q u ick ly  removed and washed in  cold homogenizing medium (0.5mM calcium 
c h lo r id e  + lmM sodium b icarbonate  pH 7 .5 ) .  The l i v e r s  were homogenized 
in a Po t ter -E lveh jem g la s s  homogenizer with  a t e f l o n  p e s t l e .  The 
homogenate was d i l u t e d  100 t imes th e  wet weight o f  th e  l i v e r  in  th e  
homogenizing b u f f e r .  I t  was then f i l t e r e d  and poured i n t o  p l a s t i c  
c e n t r i f u g e  cups and cen t r i fu g e d  a t  2,600 rpm f o r  30 min. a t  4°C.
The s u p e r n a ta n t  was d iscarded  and the  p e l l e t  suspended in  the  
same b u f f e r ,  mixed and gen t ly  homogenized. The suspension  was d i l u t e d  
to  h a l f  th e  previous  volume and c e n t r i fu g e d  a t  2,400 rpm f o r  15 min.
The su p e rn a ta n t  was d isca rded  and th e  In s id e  o f  t h e  cups d r i e d  with  
gauze.
The low speed p e l l e t  was then suspended in  th e  upper phase o f  t h e  
two polymers and a l iq u o te d  into.  4 x 50 ml MSE oak r id g e  po lycarbona te  
c e n t r i f u g e  tu b es .  A f te r  shaking th e  tubes  were c en t r i f u g e d  f o r  15 min.  a t  
3,000 rpm. The plasma membranes, which formed a t h i n  whi te  s h e e t  a t  
t h e  i n t e r f a c e  o f  th e  two polymers,  were removed and suspended in 
f r e s h  top phase.  This procedure was repeated  a t o t a l  o f  t h r e e  
t im es .  The p u r i f i e d  plasma membranes were washed t h r e e  t imes  in  20mM 
Tris-HCl buffer,pH 7 . 5 , and s to red  in  small a l i q u o t s  in  l i q u i d  n i t r o g e n .  
This method w i l l  be r e f e r r e d  to  as Method I .
2. Suc ro se -d en s i ty  g r a d i e n t  t e ch n iq u e : The method i s  desc r ibed  in  d e t a i l
by Ray (116) and i s  summarized below:
The low speed p e l l e t  was prepared e x ac t ly  as f o r  the  previous  
two-phase polymer. The in s id e  o f  the  cups were thoroughly  d r i e d  and 
48% (W/w) sucrose  s o l u t i o n  was added. The r e s u l t i n g  suspension  was 
d iv ided  eq ua l ly  between 4 x 50ml oak r id g e  MSE po lycarbonate  c e n t r i f u g e  
tu b e s .  So lu t ions  con ta in ing  45%,41%,37% (w/w) sucrose  were added in  t h a t
o rd e r  to  each tube .  The tubes were then spun a t  4°C f o r  2 hours a t . 2 5 ,000 rpm 
The plasma membrane l a y e r  suspended between 41% and 37% sucrose  
l a y e r s  was removed and washed t h r e e  times as fo r  the  previous  method.
I t  was then a l iq u o te d  in  small q u a n t i t i e s  and s t o r e d  in  l i q u i d  n i t ro g en  
u n t i l  used.  This method w i l l  be r e f e r r e d  to  as Method 2 .
3. S uc rose -dens i ty  g r a d i e n t  f l o t a t i o n  te ch n iq u e :
The low speed p e l l e t  was prepared ex ac t ly  as desc r ibed  above: The in s i d e  
o f  the  cups were thoroughly d r i e d  and th e  r e s u l t i n g  suspension  was 
d iv ided  eq u a l ly  between 4 x 50ml oak r id g e  tu b es .  A f te r  mixing w i th  
48% ( > )  sucrose  s o l u t i o n ,  42% (w/w) sucrose  s o lu t io n  was layered  on i t  
followed by 0.25M sucrose  in  50mM Tris-HCl b u f f e r  pH 7.5  as a p r o t e c t i o n  
a g a in s t  dehydra t ion .  The sp inning  procedure was repea ted  as f o r  method 2 
and the  membranes were washed and s to red  as above. This method w i l l  
be r e f e r r e d  to  as Method 3 .
4. Standard d i f f e r e n t i a l  c e n t r i f u g a t i o n  t e ch n i q u e :
Four grammes o f  minced l i v e r  t i s s u e  were homogenized f o r  90 s e c .  ( s e t  
a t  3) in  9 volumes o f  0.25M sucrose-50mM Tris-HCl b u f f e r  pH 7.5  in  a :
Poly t ron homogenizer.  /  The unbroken t i s s u e  fragments were s ep a ra te d  
by s t r a i n i n g  through 4 lay e r s  o f  medical gauze.  Standard d i f f e r e n t i a l  
c e n t r i f u g a t i o n  was used to  o b ta in  nuc lea r  (600 x g,  10 m in ) ,m i tochondr ia l
(12,000 x g,  15 min), and microsomal (45,000 x g,  30 min in  the presence 
o f  0.1M NaCl and 0.5mM MgSO^) f r a c t i o n s .  Each p e l l e t  was washed tw ice .  The 
p e l l e t  ob ta ined  from th e  1 2 ,0 0 0  x g c e n t r i f u g a t i o n  was c o l l e c t e d  in to  
two d i f f e r e n t  f r a c t i o n s .  The bottom l a y e r  was very t i g h t l y  packed and 
the  redd ish  (m i tochondr ia l )  p e l l e t  was sep a ra te d  from th e  lo o s e ly  packed 
upper l a y e r  o f  th e  p e l l e t  by very g e n t l e  s t i r r i n g  with  th e  b u f f e r .  The 
l i g h t e r  upper f r a c t i o n  "heavy membrane" was s e p a ra te d .  This method w i l l  
be r e f e r r e d  to  as Method 4 .
A p i c t o r i a l  summary o f  the  above methods i s  shown in  F ig .  2 .2 .
P r o te in  Measurements:
The method o f  Goodwin and Choi (117) was used. In t h i s  method 
t r i n i t r o b e n z e n e  s u l f o n ic  acid  i s  used with  sodium s u l p h i t e  which forms 
a co loured complex o f  t r i n i t r o p h e n y l  p r o t e i n - s u l p h i t e  in  b o ra te  b u f f e r .  
The coloured complex is  ye llow and s t a b l e  with  maximal s p e c t r a l  
absorbance a t  420nm. The coloured complex gave a l i n e a r  c a l i b r a t i o n  
curve up to  400yg p r o t e i n / m l .
All plasma membrane and o th e r  f r a c t i o n s  were d i l u t e d  with  sodium 
t e t r a b o r a t e  s o l u t i o n  and measured as above.
Plasma Membrane Marker Enzymes:
Two plasma membrane marker enzymes were c a r r i e d  out on a l l  plasma 
membrane p re p a ra t io n s  as a r o u t in e  procedure .
1) Mg.++-stimulated ATPase ( E . C . 3 . 6 . 1 .3)
2) 5-Mononucleotidase ( E .C .3 .1 .3 .5 )
Mg++-stimulated ATPase was assayed a t  pH 7 .5  us ing ATP as s u b s t r a t e .  
The a ssay  system conta ined in a f i n a l  volume o f  1ml th e  fo l lowing :
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50mM T r i s  b u f f e r  pH 7.5
lOmM MgCl2
5mM Disodium s a l t  o f  ATP
80-150yg membrane p r o t e i n  suspension
A f te r  in c u b a t in g  th e  mixture  a t .37oc  f o r  30 min .l ,5ml  o f  6 % t r i c h l o r o a c e t i c  
a c id  s o l u t i o n  was added t o  th e  tubes  and c e n t r i fu g e d  using th e  bench 
c e n t r i f u g e .  Blanks were s e t  up e x a c t ly  as f o r  the  t e s t s  excep t  t h a t  no 
incu b a t io n  was c a r r i e d  o u t .  All de te rm ina t ions  were c a r r i e d  ou t  in 
d u p l i c a t e .
5 ‘-mononucleotidase  was assayed e x a c t ly  as f o r  Mg-H-stimulated ATPase 
bu t  a t  a d i f f e r e n t  pH (7 .8 )  and using 5 '-AM? as s u b s t r a t e .
Released phosphate  was measured using the  Technicon A utoanalyzer ,  
adopting t h e  t echn ique  desc r ibed  by Robinson (118) .  B r ie f ly*  the  sample 
was d i l u t e d  w i th  and d ia lyzed  i n t o  10% su lp h u r ic  a c id .  The in o rg a n ic  
phosphate  in  the  d i a l y s a t e  was coupled with  a molybdivanadate r e a g e n t .
The r e s u l t i n g  complex was ye l low ;  the  absorbance o f  which was measured 
a t  405nm. A c a l i b r a t i o n  curve was s e t  up cover ing  the  range 0.02-0.2mM P.
R e s u l t s :
The y i e l d  and p u r i t y  of r a t  l i v e r  plasma membranes us ing the  f i r s t  
t h r e e  o f  th e  above methods i s  summarized in Table 2 . 1 .  The r e s u l t s  a re  
compared wi th  o t h e r  publi shed  work in Table 2 , 2 .
2 .2 .  I n s u l i n  and Glucagon-Receptor I n t e r a c t i o n s :
As p r e v io u s ly  ment ioned,  th e  f i r s t  s t e p  in  th e  a c t io n  o f  a hormone i s  
i t s  b ind ing  to  a s p e c i f i c  r e c o g n i t io n  s i t e  on th e  t a r g e t  c e l l  known as 
a r e c e p t o r .  This  hormone-receptor complex then a c t i v a t e s  a d d i t i o n a l
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c e l l u l a r  processes  which , in  t u r n , a r e  followed by a c e l l u l a r  response 
c h a r a c t e r i s t i c  o f  t h a t  p a r t i c u l a r  hormone.
Most contemporary workers use th e  term "Receptor" to  d e sc r ib e  the
n a tu ra l  molecula r  components o f  t h e  c e l l  t h a t  s e r v e  to  recognize  a
*
b i o l o g i c a l l y  a c t i v e  chemical messenger o r  hormone. This d e f i n i t i o n  w i l l  
be used in  t h i s  s tudy .
Hormone-receptor s tu d i e s  have been app l ied  s u c c e s s f u l l y  f o r  th e  
s tudy o f  endocr ine  phys iology (49) .  At l e a s t  f o u r  d i f f e r e n t  a reas  have 
been i n v e s t i g a t e d .
1. Mechanism of  hormone-action and s t r u c t u r e  a c t i v i t y  r e l a t i o n s h i p s  
f o r  pep t ide  hormones.
2. Assay of  plasma hormones.
3. The r o l e  o f  the  r e c e p to r  in a l t e r e d  s t a t e s  o f  hormone s e n s i t i v i t y
4.  Fac to rs  r e g u la t in g  hormone-receptor i n t e r a c t i o n .
In th e  p re s e n t  s tudy the  l a s t  two areas  w i l l  be i n v e s t i g a t e d  in
*
r e l a t i o n  to  o b e s i ty  and hyperlipaemia  in  Chapters to fo l lo w .  This 
Chapter w i l l  c o n ce n t ra te  on the  t e ch n ica l  a sp ec t s  of  th e se  i n t e r a c t i o n s .  
The bas ic  methods and techniques  ap p l ied  to  the  d i r e c t  s tudy  o f  th e  
hormone-receptor i n t e r a c t i o n  a re  s i m i l a r  to  those  used in o t h e r  com pet i t i  
b inding  techn iques  e .g .  radioimmunoassays. They r e q u i r e  an i s o t o p i c a l l y  
l a b e l l e d  hormone, a s u i t a b l e  r e c e p to r  p re p a r a t io n  and an a p p r o p r i a t e  
means f o r  s e p a ra t in g  the  hormone-receptor complex from f r e e  hormone.
Methods:
1. Hormone I o d i n a t i o n :
a) Chloramlne T Method -[Method 1]
i )  Glucagon: The method of  J0rgensen and Larsen (120) was used and
summarized as fo l lows:
Img o f  porc ine  glucagon was d i s so lved  in 2.5ml o f  Q.01N NaOH. 25pl
o f  t h i s  s o lu t io n  was p ip e t t e d  i n to  a small tube and mixed with 25pl of
0.4M; phosphate b u f f e r  pH 7.2 and 0.5mCi of  N a ^ ^ I . The fo llowing reagen ts
( a l l  in 0.04M phosphate b u f f e r  pH 7.4) were then added, with  continuous
s t i r r i n g  (us ing a small magnetic s t i r r e r ) :  5pl o f  0.4% Chloramine T,. ten
seconds l a t e r  20p 1 o f  0.24% Na S O , 50p 1 o f  1% KI. 5pl were t h e n ' t a k e n
2 2 5
f o r  e l e c t r o p h o r e s i s  and the  r e s t  was app l ied  to a QAE Sephadex-A25 and 
e lu t e d  a t  a r a t e  o f  lOml/hr ,  us ing 20mM Tris-HCl pH 8 .5  + 4% BSA. Two ml 
f r a c t i o n s  were c o l l e c t e d  and counted using an LKB Sample Counter.
i i )  I n s u l i n : The same method was employed f o r  i n s u l i n  us ing  t h r e e
times more i n s u l i n  than glucagon in  the  r e a c t io n  mix ture  and DEAE Sephadex 
-A25 in s te a d  o f  QAE Sephadex-A25. The same r a t e - o f  e l u t i o n  was a p p l ied
with  the  same e l u t i n g  b u f f e r  as above,
b) Chloramine T Method -[Method 2]
i )  Glucagon: The method of  Goldf ine e t  _aK (121) was employed.
In t h i s  method. the  c o n cen t ra t io n s  of a l l  r e a c t a n t s  were kept r e l a t i v e l y  
high and the  amount o f  chloramine T was reduced markedly below t h a t  
used in Method 1. Th is ,  a s  claimed by the  au thors  reduces  the  r i s k  o f  
di and t r i i o d i n a t i o n  o f  the  hormone which renders  i t  b i o l o g i c a l l y  i n a c t i v e  
(unbindable  to  membranes). The p u r i f i c a t i o n  was c a r r i e d  ou t  on 1ml 
column packed with  c e l l u l o s e  powder a f t e r  t ak in g  samples f o r  e l e c t r o p h o r e s i s  
1ml f r a c t i o n s  were c o l l e c t e d .
i i )  I n s u l i n : The method of  Freychet e t  al^. (122) was employed.
In t h i s  method as f o r  glucagon, very small amounts of  chloramine T were 
used .  The p ropor t ion  o f  hormone: iodine:choramine T was 1 : 1 : 0 . 5  to  1
in  molar e q u iv a l e n t s .  P u r i f i c a t i o n  was c a r r i e d  out  as above f o r  g lucagon,  
us ing c e l l u l o s e  powder.
c) In s u l in  Iod in a t io n  by Lac toperoxidase  Method--[Method 3 ]
Using high co n ce n t ra t io n s  of  Lactoperoxidase  and H9O0
The method o f  Thorell  and Johansson (123) was employed, and 
summarized as fo l lows:
5pg i n s u l i n  (1 0 p l ) ,  10yl o f  0.4M a c e t a t e  b u f f e r  pH 5 .6  were added 
125..followed-by ImCi of  Na I .  lOyl o f  0.003% H^O^ and 10pl (Img) 
l a c to p e ro x id a s e  were then added. A f t e r  10 s e c .  500ul o f  0.05M phosphate 
b u f f e r  pH 7.6  was added. A f te r  tak ing  a sample f o r  e l e c t r o p h o r e s i s ,  th e  
mix tu re  was p u r i f i e d  in a c e l l u l o s e  powder column as above.
d) I n s u l in  I o d in a t io n  by Lactoperoxidase  Method -[Method 4j 
Using low c o n ce n t r a t io n s  o f  la c to p e ro x id ase  and HqOq
The method o f  Suzuki e t  a f .  (124) was employed.
This method i s  s i m i l a r  in  p r i n c i p l e  to  Method 3 excep t  t h a t  low 
c o n c e n t r a t io n s  o f  l a c to p e ro x id ase  ( 200yg) and #2^2 (-0 -001%) were employed 
and the  r e a c t io n  v/as allowed to  proceed f o r  20 min.  a t  30°C. P u r i f i c a t i o n  
of  th e  l a b e l l e d  hormone was f i r s t  c a r r i e d  out on Sephadex G-25 column 
followed by c e l l u l o s e  column.
All p re p a ra t io n s  were s to re d  in small a l i q u o t s  a t  -20°C u n t i l  used .
Chromatography-e lec t rophores is  o f  a l l  d i f f e r e n t  p r e p a r a t i o n s  was 
c a r r i e d  ou t  as fo l lows:
5yl o f  th e  r e a c t io n  mixture was s p o t ted  on Whatman 3M chromatography 
paper  (2 x 26cm) 4cm from the cathode end o f  the  paper .  Chromatography 
Was f i r s t  c a r r i e d  ou t  u n t i l  the  s o lv e n t  f r o n t  reached h a l f  way up th e  
paper .  The s o lv e n t  employed f o r  both chromatography and e l e c t r o p h o r e s i s  
was 0.05M b a rb i to n e  b u f f e r .  E l ec t ro p h o re s i s  fo l lowed  us ing  c o n s t a n t
vo l tage  a t  180 v f o r  60 min. The papers  were d r i e d  and scanned us ing  
DfJnnschicht Scanner II  (Camlab, Cambridge) (Unpublished method).
S p e c i f i c  a c t i v i t i e s  o f  a l l  io d in a te d  hormones were c a l c u l a t e d  by 
t r i c h l o r a c e t i c  ac id  p r e c i p i t a t i o n  as desc r ibed  in  d e t a i l  by Cuat recasas  
and Hollenberg (125).
R e s u l t s :
The y i e l d  o f  TCA-precip itab le  r a d i o a c t i v i t y  f o r  Method 1 was 90%
f o r  glucagon corresponding  to  a s p e c i f i c  r a d i o a c t i v i t y  o f  450yCi/pg of
125glucagon and a degree  o f  i o d in a t io n  0 .7  atoms o f  1 p e r  molecule  
o f  glucagon.
For i n s u l i n  TCA-precip itable  r a d i o a c t i v i t y  f o r  Method 1 was about 
80% and a s p e c i f i c  a c t i v i t y  o f  380yCi/yg o f  i n s u l i n .
In Method 2 f o r  glucagon about 50% o f  th e  r a d i o a c t i v i t y  was
inco rpo ra ted  in to  the  hormone as measured by TCA p r e c i p i t a t i o n .  This
low in c o rp o ra t io n  was due to the low c o n c e n t r a t io n s  o f  o x id iz in g  agen t
used as compared to  Method 1. About 10% of  th e  a p p l i e d  r a d i o a c t i v i t y ,
125which was e q u iv a l e n t  to  about  25% of th e  i n t a c t  1-g lucagon t h a t  had 
been ap p l ied  to  the  column, was recovered in  t h e  albumin e f f l u e n t .  
Ca lcu la ted  s p e c i f i c  a c t i v i t y  was 150yCi/yg o f  g lucagon.
In Method 2 f o r  i n s u l i n  90% was p r e c i p i t a t e d  by TCA with  a s p e c i f i c  
a c t i v i t y  o f  92yCi/yg of. i n s u l i n .
In Method 3 f o r  i n s u l i n  only 35% of  th e  t o t a l  r a d i o a c t i v i t y  was 
p r e c i p i t a t e d  by 5% TCA with very low s p e c i f i c  a c t i v i t y  o f  10yCi/yg o f  
i n s u l i n .
In Method 4 f o r  i n s u l i n  high s p e c i f i c  a c t i v i t i e s  were obta ined in 
d i f f e r e n t  io d in a t io n s  ranging between 250-350pCi/pg of  i n s u l i n .
The b io lo g ic a l  a c t i v i t y  of  a l l  t h e  above p r e p a r a t io n s  as judged 
by t h e i r  a b i l i t y  to  bind and be d i s p la ce d  by u n la b e l l ed  hormones 
(hormone-receptor i n t e r a c t i o n )  w i l l  be shown l a t e r  in  t h i s  s e c t io n .
2. The Development o f  Hormone-Receptor I n t e r a c t i o n  Methods:
i ) Glucagon
Rat l i v e r  plasma membranes were p repared  e i t h e r  by the  two-phase 
polymer (Method 1) o r  the  f l o t a t i o n ,  technique  (Method 3) as above. 
80-100ug o f  membrane p r o t e in  in lOOyl b u f f e r  (20mM T r i s  pH 7.5) were 
incubated  in  LP^ tubes with lOOyl of  Krebs-Ringer phosphate  b u f f e r  pH 7.5  
(KRP) con ta in ing  e i t h e r  1% BSA or  1% g e l a t i n e .  D i f f e r e n t  con cen t ra t io n s  
o f  glucagon s tandards  (l-250ng/ml r e a c t io n  mixture)  in  lOOyl KRP b u f f e r  
were added to  th e  a p p ro p r i a t e  tu b e s .  This was fol lowed by th e  a d d i t i o n  
of  10,000 cpm o f  l a b e l l e d  glucagon (120pg) in  lOOul KRP b u f f e r .  The 
t o t a l  volume was 400ul pe r  tube .  The tubes  were then mixed and incubated  
f o r  30 min. a t  30°C. They were then spun a t  3,000 rpm a t  4°C using MSE 
Minstra l  4 L c e n t r i f u g e  f o r  15 min. The s u p e rn a ta n t  from each tube  was 
removed by means o f  a P a s teu r  p i p e t t e  us ing a s u c t io n  pump w i thout  
d i s tu r b in g  th e  p e l l e t .  1 ml o f  the  KRP b u f f e r  was added to  each tube  and 
spun aga in .  The washing was repeated  a t o t a l  o f  t h r e e  t im es .  The 
r a d i o a c t i v i t y  was then counted using a LKB-Gamma Sample Counter.
Non-spec if ic  binding (NSB) tubes r e p re s e n t in g  th e  percen tage  o f
125 1- r a d i o a c t i v i t y  bound to  membrane p e l l e t s  in  th e  presence  o f  high 
c o n ce n t ra t io n s  o f  u n lab e l led  glucagon (10ug) were inc luded f o r  each batch 
o f  t e s t s .  The NSB values  obta ined  were s u b t r a c t e d  from each o f  th e  t e s t  
r e s u l t s .
All t e s t s ,  t o t a l  and NSB were c a r r i e d  o u t  in  d u p l i c a t e  and 
when p o s s ib l e  in  t r i p l i c a t e .
The following f a c t o r s  f o r  g lu cag o n - recep to r  i n t e r a c t i o n s  
were i n v e s t i g a t e d :
1) E f f e c t  o f  membrane c o n ce n t ra t io n :
W/A r a t  l i v e r  plasma membranes were p repared  by the
two-phase polymer method. Various c o n c e n t r a t io n s  o f
125membrane p r o t e in  (8-500yg) were incubated  w i th  I -  
glucagon (10,000 cpm) prepared by Method 1 ,  f o r  30 min.  
a t  30°C.
2 ) E f f e c t  o f  incubat ion  time and temperature  on b in d in g :
W/A r a t  l i v e r  plasma membranes were prepared  by the
two-phase polymer method. A s e r i e s  o f  t e s t s  co n ta in in g
125lOOyg membrane p ro te in  and I-g lucagon (10 ,000 cpm) 
prepared by Method 1 were counted a t  1 ,  1 ,  2 ,  3 ,  4 ,  5 
and 24 hours a t  4°C and 30°C.
i i )  I n s u l i n :
I n s u l i n - r e c e p t o r  i n t e r a c t i o n s  were c a r r i e d  o u t  e x a c t l y  as 
f o r  glucagon with  one m od i f ica t ion  -  4% g lucose  was added to  th e  
KRP b u f f e r  and calcium was om it ted .  This was shown to  i n c r e a s e  
i n s u l i n  b inding to  the  membranes (126) .
-  4 3  -
I n s u l i n - r e c e p t o r  i n t e r a c t i o n  was a l so  i n v e s t i g a t e d  as fo r  
g lucagon, f o r  the  e f f e c t  o f  membrane c o n c e n t r a t i o n ,  t ime and 
tem pera tu re .
A f te r  the  e s tab l i sh m en t  o f  the  optimal c o n d i t io n s  f o r  the  glucagon
125and i n s u l i n - r e c e p t o r  i n t e r a c t i o n s  as w i l l  be d i s cu s sed  l a t e r ,  1 - l a b e l l e d  
hormones prepared by the  d i f f e r e n t  methods de sc r ib ed  above were t e s t e d  
f o r  t h e i r  a b i l i t y  to  bind to  hormone re c ep to r s  and t o  be d i sp la ce d  by 
excess "cold" hormone.
Glucagon-recepto r  s t u d i e s  were c a r r i e d  out t o  check th e  s u i t a b i l i t y  
o f  l i v e r  plasma membranes prepared by the  above methods.
R e s u l t s :
Fig .  2 .3  shows th e  e f f e c t  of  the  l i v e r  plasma membrane c o n ce n t r a t io n s  
on glucagon and i n s u l i n  b ind ing .  Half  maximal b ind ing  (50%) i s  c a l c u l a t e d  
to  be a t  lOOyg/ml approximate ly  f o r  i n s u l i n  and glucagon c o n c e n t r a t io n .
F ig .  2.4  shows the  e f f e c t  o f  time and temperature  on th e  course  o f  hormone 
b ind ing .  Result s  o f  glucagon and i n s u l i n  b ind ing  to  r a t  l i v e r  plasma 
membranes using the  above io d in a t io n  methods a re  r e p re se n te d  in  Fig .  2 .5  
and 2.6  f o r  glucagon and i n s u l i n  r e s p e c t i v e l y .
125Fig .  2 .7  shows 1-glucagon binding and i t s  d isp lacem ent  by n a t i v e  
glucagon using the  t h r e e  methods o f  plasma membrane p r e p a r a t io n  d i scussed  
in  Sec t ion  1 o f  t h i s  c h ap te r .
2 .3  Adenylate Cyclase
Adeylate cyc la se  i s  the  primary enzyme system through which a number 
o f  p ep t ide  hormones and biogenic  amines a l t e r  th e  metabolism s t r u c t u r e
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Fig. 2. 3 Effect of membrane concentration 
on hormone binding of (®) glucagon 
and (si) insulin under conditions
described in text
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Fig. 2. 4 Effect of incubation time and temperature 
on the binding of (©) glucagon and (■)
insulin under conditions described in text
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Fig. 2. 5 Glucagon binding to rat liver membranes for
different methods of glucagon iodination 
employed (#) Method (a) Method 2*
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Fig. 2. 6 Insulin binding to rat liver membranes 
for different methods of iodination 
employed (#) Method 1, (o) Method 2 , 
(sa) Method 3 , (□) Method 4.
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Fig. 2. 7 Glucagon binding to rat liver plasma
membranes as prepared by (^) Method 1, 
. ■■(h )  Method 2sand (s) Method 3.
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and fu n c t io n  o f  t h e i r  t a r g e t  c e l l .  This system s e l e c t i v e l y  r e c e i v e s ,  
t r a n s l a t e s  and am p l i f i e s  the  "message" conta ined  w i th in  the  s t r u c t u r e  
o f  the  hormone to  give a new message through a second messenger adenosine  
3 ’ , 5 ' c y c l i c  phosphate (CAMP) formed by the  c a t a l y t i c  hyd ro lys is  o f  ATP.
The aim o f  t h i s  s e c t io n  i s  to  f i n d  a f a i r l y  s e n s i t i v e ,  simple and 
r ep roduc ib le  assay fo r  adenyla te  c y c la s e .  The convers ion  of  ATP to  
CAMP by the  enzyme adenyla te  cy c la se  was f i r s t  de sc r ib ed  in d e t a i l  by 
Suther land  e t  al[. (127) .  The i r  assay  ( f o r  t h i s  convers ion) though 
s e n s i t i v e  and f a i r l y  a cc u ra te  i s  a b ioassay  and depends upon a multicomponent 
system whose a c t i v i t y  i s  in f luenced  by a number o f  adenine  n u c leo t id es  
and c e r t a i n  hexoses .  The method r e q u i r e s  e x t e n s iv e  p u r i f i c a t i o n  o f  cAMP 
before  a ssay .  When a p p ro p r i a t e ly  r a d i o l a b e l l e d  ATP became a v a i l a b l e  , 
b ioassays  were rep laced  by rad io m e t r ic  procedures  f o r  the  de te rm ina t ion  
o f  c;AMP formed from r a d io a c t i v e  ATP in  var ious  broken c e l l  f r a c t i o n s .
This type o f  assay i s  hard to  apply t o  p re p a ra t io n s  o f  maimalian t i s s u e  
homogenates which con ta in  numerous enzymes using ATP as s u b s t r a t e .  All 
methods using r a d i o a c t i v e  AtP r e q u i r e  extreme ca re  in  i s o l a t i n g  the  p roduc t  
cAMP from o t h e r  r a d io a c t i v e  metabolic  products  o f  ATP which a re  o f ten  
produced in  g r e a t e r  q u a n t i t i e s  than CAMP i t s e l f  (128) .  Much va luab le  
d a ta  has been ob ta ined  with the  method o f  Krishna e t  a K  (129) u s in g ,  
l a b e l l e d  ATP as s u b s t r a t e .  However, t h i s  method i s  l im i t e d  by s e n s i t i v i t y  
and i s  l abo r ious  as each de te rm ina t ion  r e q u i r e s  s e p a r a t io n  on Dowex-50 
columns.
For the  p re s e n t  work two methods were a s se s sed :
a) Using adenylyl imidophosphate (AMP.PNP) as developed by Maguire 
e t  al_. (130).  AMP.PNP i s  an analogue o f  ATP. The replacement by n i t r o g e n  
o f  the  oxygen between the  $ and y phosphates renders  th e  molecule
-  5 0  -
e s s e n t i a l l y  immune to  enzymatic c leavage  a t  th e  3 -y p o s i t i o n  by ATPase 
and o t h e r  phosphohydrolases (131) .  This  e l im in a te s  th e  use o f  an 
expens ive  ATP reg en e ra t in g  system.
b) Using ATP as s u b s t r a t e  with  an ATP re g e n e r a t in g  system.
The cAMP produced was e s t im a ted  by com pet i t ive  p r o t e i n  b inding  
method as developed by Brown e t  al_. (132) .
Methods:
1) AMP-PNP as s u b s t r a t e : Method 1
The s tanda rd  adenyla te  cyc lase  mix ture  co n ta ined  in  a t o t a l  volume 
o f  250i.il the  fo llowing c o n ce n t ra t io n s  o f  m a t e r i a l s :
20mM T r i s  HC1 b u f f e r  pH 8 .5
ImM Theophyll ine  o r  0.2mM 1 -m e th y l -3 - i so b u ty l  xan th ine
4mM Mg S04 - 7H20
0.5mM AMP-PNP s u b s t r a t e
0.1% BSA
The r e a c t io n  was s t a r t e d  by the  a d d i t i o n  o f  20-50yg enzyme p r o t e i n  
p repared  by the  two-phase polymer method. Incuba t ion  t ime was 10-15 min. 
a t  30°C. NaF (lOmM) or  glucagon (10yg/ml) were added as needed. The 
r e a c t i o n  was s topped by immersing th e  tubes  in  a b o i l i n g  w a te r  ba th  
f o r  2 min.
Samples were f rozen  a t  -20°C u n t i l  cAMP was de te rmined .
Cycl ic  AMP E s t im a t io n :
Cycl ic  AMP as mentioned above was determined by com p e t i t iv e  p r o t e i n  
b ind ing .  A binding p ro t e in  with a high a f f i n i t y  f o r  cAMP was e x t r a c t e d
from bovine adrenal  c o r t e x  and prepared as fo l lows:
Bovine adrena ls  were c o l l e c t e d  f r e s h  a f t e r  s l a u g h t e r ,  th e  c o r tex  
were s e p a ra te d ,  chopped and homogenized using a Po ly t ron  homogenizer 
(2g t i s s u e  in  3 volumes medium). The homogenizing medium conta ined  the  
fo l lowing :
0.25M sucrose
0.025M KC1
0.005M MgCl2
0.05M T r i s  b u f f e r  pH 7 .4
The r e s u l t a n t  suspension was spun a t  2,000 x g f o r  5 min. The
su p e rn a ta n t  was s epa ra ted  and spun a t  5,000 x g f o r  15 min. a t  4°C,
and s to re d  in  small q u a n t i t i e s  a t  -20°C. N e g l ig ib le  lo s s  o f  b inding 
a c t i v i t y  has been found a t e r  9 months o f  s t o r a g e .
A binding p ro te in  d i l u t i o n  curve was s e t  up f o r  each p r e p a r a t io n  
o f  binding p r o t e in  to  determine the  a p p ro p r i a t e  d i l u t i o n  o f  th e  b inding
p r o t e i n  to  be used in  subsequent  work.
S e r i a l  d i l u t i o n s  o f  the  p r o t e in  were s e t  up in  LPg incu b a t io n  tubes  
each con ta in in g :
100pl o f  the  b u f f e r  (0.05M Tris-HCl 6mM 2-Mercaptoethanol and
8mM Theophyll ine)
50yl T racer  (9.1mCi/mg t r i t r i a t e d  cAMP)
^ 5000 cpm/tube
lOOyl d i l u t e d  binding p r o t e in
A f te r  mixing, the  tubes  were incubated  a t  4°C f o r  90 min. The
f r e e  and bound f r a c t i o n s  were s ep a ra te d  as fo l low s :
Ig; o f  charcoal was mixed in  a magnetic s t i r r e r  with  50ml 
d i s t i l l e d  f^O f o r  15 min. A f te r  sp inn ing  a t  2,200 rpm f o r  15 min. 
the  su p e rn a ta n t  was d iscarded  and the  charcoal was mixed w i th  50ml 
b u f f e r  t h a t  conta ined  0.2g BSA. With continuous mixing on the  
magnetic s t i r r e r  500yl was added t o  each o f  the  above incuba t ion  tu b es .  
The tubes were mixed using a Whirl mixer and spun f o r  15 min. a t  2,500 rpm 
a t  4°C. 500yl o f  s u p e rn a ta n t  which con ta ined  th e  bound cAMP were mixed
with  4.5ml o f  S c i n t i l l a t i o n  l i q u i d  which con ta in ed :
0.4% P.P.O. lOg: .
0.01% P.O.P.O.P.  0.25g ...
Lissapal-LXP 830ml
Toluene 1670ml
Total o f  2,500ml.
A f te r  w h i r l im ix ing  the  tubes were counted us ing  an LKB u l t r a - b e t a  
coun ter  a t  a counting e f f i c i e n c y  of  55%. The d i l u t i o n  o f  th e  b inding  
p r o te in  which was used subsequent ly  was t h a t  which gave 20-30% of t o t a l  
a c t i v i t y  bound.
For each batch o f  camp de te rm ina t ion  t h e  fo l lowing  tubes  were s e t  up:
Reagent Total NSB Zero Standard  
o r  t e s t
Buffer 250yl 250yl 150yl 100yl
Standard  or  
sample
- - 50yl
Trace r 50yl 50y 1 50yl 50yl
Bi nding P ro te in - - lOOyl lOOyl
Standard  range 1-50ng/ml cAMP •
A f te r  mixing and incubat ing  f o r  90 min. a t  4°C 500yl o f  b u f f e r  was 
added to  the  " t o t a l "  and 500yl o f  charcoal prepared as above was added to  
a l l  o th e r  tubes  inc lud ing  the  "zero" and "NSB" tu b e s .  Separa t ion  and 
counting was c a r r i e d  ou t  as above. A ty p i c a l  s tan d a rd  curve  is  shown i n  F i g . 2 .8  
2) ATP as s u b s t r a t e  Method 2
The s tanda rd  adenyla te  cyc lase  mixture  con ta ined  in  a t o t a l  volume o f
250yl the  fo l lowing  c o n cen t ra t io n  o f  m a t e r i a l s :
30 mM Tris-HCl b u f f e r  pH 7.5
5 mM MgS047H20
0.25 mM Theophyll ine
1.0 mM ATP
0.5% (w/v )  BSA
1.0  mM EOTA
1 mg/ml C rea t ine  Kinase
20 mM Phosphocreat ine
To s t a r t  the  r e a c t io n  o f  20-50 g membrane p r o t e i n  was added and incubated
f o r  10-15 min. a t  30°C. Sodium f l u o r i d e  o r  glucagon was added as r e q u i r e d .  The
r e a c t i o n  was te rm ina ted  as fo r  Method 1 .  cAMP was e s t im a ted  as d e sc r ib e d  
above.
R e s u l t s :
Method f  us ing AMP-PNP as s u b s t r a t e  was f i r s t  i n v e s t i g a t e d  with  W/A 
r a t  plasma membranes i s o l a t e d  by the  two-phase method.
Table 2 .3  Resu l ts  o f  adeny la te  cy c la se  basal  and s t im u la t e d  l e v e l s  
expressed  in  pmoles cAMP/mg p r o t e in /1 0  min.  Mean + SEM.
F luor ide  co n cen t ra t ion  was 10 mM and glucagon 10yg/ml.
Number o f  de te rm ina t ions  on d i f f e r e n t  plasma membrane 
d e te rm ina t ions  a re  shown in  p a r e n t h e s i s .
Basal Level + F lu o r id e + Glucagon
12.2 + 0 .8  (5) 14.1 + 0 .7  (5) 16.4 + 1.1 C5)
H-
cA
MP
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The r e s u l t s  shown i n  Table 2 .3  a re  very low compared to  o th e r  
workers f i n d i n g s .  Using the  same s u b s t r a t e  Rodbell e t ' a l  (133) 
r e p o r te d  a basal  leve l  o f  125 pmoles cAMP/mg p r o t e in /1 0  m in . ,  890 
with  f l u o r i d e  and 950 with  glucagon s t i m u l a t i o n .  Using ATP as 
s u b s t r a t e  va lues  ranging between 100-500 pmoles cAMP/mg p r o t e in /1 0  min. 
f o r  basa l  l eve l s '  while  f l u o r i d e  s t i m u l a t i o n  gave 1 -  2 nmoles cAMP 
and glucagon s t im u la t io n  values  as high as 5 nmoles cAMP were re p o r te d  
(134, 135) .
I n v e s t i g a t i o n s  were made i n t o  th e  p u r i t y  of  the  s u b s t r a t e  which 
was bought from Boehr inger and v/as claimed to  be 96% p u re .  A gross  
s o l u t i o n  o f  the  s u b s t r a t e  was s p o t t e d  on s i l i c a  gel p l a t e s  with  1-  
p ropanol-conc .  ammonia-water ( 6 : 3 : 1 ,  v/v)  as the  s o l v e n t  (131) .  The 
s u b s t r a t e  v/as found to be only 75% pure wi th  the major contaminant 
be ing 5 ' - a d e n y ly l  phosphoamidate (ADRNH^). This contaminant was 
repo r ted  to .'lower the enzymatic a c t i v i t y  (130) .  When the  pure  
s u b s t r a t e  was scraped o f f  the  p l a t e s ,  d r ied  and resuspended in  d i s t i l l e d  
H^ O then used , th e re  was a s l i g h t  improvement in  the  basa l  l e v e l s  b u t  
the  f l u o r i d e  and glucagon s t im u la te d  l e v e l s  remained u n a l t e r e d  ( r e s u l t s  
not shown).
I t  has been repo r ted  t h a t  l i t h iu m  i n h i b i t s  the  TSH-induced
s t im u la t io n  o f  adenyl cyclase  a c t i v i t y  in  b ee f  t h y ro id  membranes w i th o u t
a f f e c t i n g  the  basal  a c t i v i t y  (136) .  As the  AMP-PNP s u b s t r a t e  was s u p p l ie d
by Boehringer as t e t r a - l i t h i u m  s a l t ,  i t  was thought  t h a t  the  p re sence
o f  l i t h iu m  might have a f f e c t e d  the  adenyla te  cy c la se  a s s a y .  The s u b s t r a t e
+was p u t  through a Dowex 50 H (50-100 mesh) column and th e  r e s u l t a n t  
l i t h iu m  f r e e  s u b s t r a t e  v/as c o l l e c t e d  and checked f o r  th e  p resence  o f  
l i th iu m  before  and a f t e r  p u r i f i c a t i o n  by means o f  an atomic  a b so r p t io n
method f o r  l i t h iu m .  However, r e s u l t s  ob ta ined  a f t e r  us ing l i t h iu m  f r e e  
s u b s t r a t e  were n o t  much b e t t e r  than p rev io u s ly  ob ta ined  be fo re  p u r i f i c a t i o n  
( r e s u l t s  no t  shown).
Following t h i s  f a i l u r e ,  ATP was used as s u b s t r a t e  as in  Method 2.
The r a t  l i v e r  plasma membranes were again  prepared by the  two-phase 
polymer and adeny la te  cyc la se  was e s t im ated  us ing Method 2 .  Once again  
the  r e s u l t s  were n o t  very  encouraging .
The two-phase polymer method was abandoned and the  sucrose  d e n s i t y  
g r a d i e n t  methods were t r i e d  us ing  ATP and AMP-PNP as s u b s t r a t e s .  R esu l ts  
are  shown in  Table 2 .4 .
Table 2,4
Adult  r a t  l i v e r  plasma membranes were prepared by Method 2 ( suc rose  
g ra d i e n t )  and Method 3 ( f l o t a t i o n )  as in  Sec t ion  1 o f  t h i s  c h a p te r .  
Comparative r e s u l t s  o f  the  two methods f o r  adenyla te  cyc la se  using ATP 
and AMP.PNP as s u b s t r a t e s  a re  shown below and expressed as p'moles cAMP/
10 min/mg p r o t e i n .  Each exper iment con ta ined  t r i p l i c a t e  enzyme a n a l y s i s  
and the r e s u l t s  a r e  g iven  as th e  mean + S.E.M.
S u b s t r a t e Basal level + 10 mM Fluor ide + lOpg/ml Glucagon
Method 2 Method 3 Method 2 Method 3 Method 2 Method 3
ATP 141+3.1 186+5.3 231+5.1 292+4.2 567+7.1 751+6.8
AMP.PNP 92+2.7 110+4.2 196+3.2 198+2.2 310+4.1 510+4.2
D i f f e r e n t  f r a c t i o n s  which correspond to  d i f f e r e n t  c e l l u l a r  p a r t i c l e s  
c o l l e c t e d  a t  d i f f e r e n t  sucrose  d e n s i t y  g ra d i e n t s  us ing Method 2 and 3 were 
checked fo r  ad en y la te  cyclase  and 5 '-Mononucleot idase  a c t i v i t i e s  and r e s u l t s  
are  shown in  F ig s .  2 3  and 2 .10 f o r  the  r e s p e c t iv e  methods.
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F ig. 2.9 Adenylate cyclase and 5’-mononucleotidase 
activities of different fractions 
collected at different sucrose density
gradients of Method 2
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Adenylate cyc lase  a c t i v i t y  was f u r t h e r  i n v e s t i g a t e d  to  t e s t  th e  
heterogeneous na tu re  o f  the  r a t  l i v e r  plasma membrane0 A s tanda rd  
d i f f e r e n t i a l  c e n t r i f u g a t i o n  method was used (Method 4 ) .  D i f f e r e n t  
f r a c t i o n s  were c o l l e c t e d  and t e s t e d  f o r  basa l  and glucagon s t im u a l t e d  
a c t i v i t i e s  o f  adenyla te  cyc lase  using ATP as s u b s t r a t e 0 R esu l ts  a r e  
shown in  Fig .  2 .1 1 .
2 .4  I s o l a t i o n  o f  Rat Adipose Tissue Plasma Membranes:
The method o f  Cutrecasas  (137) was modif ied and summarized as 
fo l lows;
A f te r  th e  r a t s  were s a c r i f i c e d  by c e rv ica l  d i s l o c a t i o n  the  
epididymal f a t  pads were c o l l e c t e d ,  c u t  i n to  small p ieces  and washed 
with  cold s a l i n e .  They were then incubated  in  KRP b u f f e r  pH 7 .5  
con ta in in g  4% BSA, 0.5  mg/ml glucose  and 0 .3  gm/ml c o l l a g en a se  f o r  one 
hour a t  37°C mixing g e n t ly  a t  i n t e r v a l s .
A f t e r  c e n t r i f u g a t i o n  a t  very low speed t h e  f l o a t i n g  ad ipocy te  ' 
l a y e r  was sep a ra ted  from the  s t r o m a l -v a sc u la r  and o th e r  c e l l s  by 
a s p i r a t i o n ,  and washed twice in KRP b u f f e r .  They were then homogenized 
us ing a Poly t ron  ( s e t t i n g  2.2} fo r  1 min in  a ly s in g  medium co n ta in in g  
2 05 mM MgCl2 , 2 .5  mM CuCl2 , ImM KHC03 in  10 mMT:ris-HCl b u f f e r ,  pH 7*5.
The suspension  was then spun a t  23,000 x g f o r  30 min. The s u p e r ­
n a t a n t  and the  creamy l a y e r  were d i s c a r d e d .  The p e l l e t ,  which con ta ined  
most o f  the  plasma membranes, was washed in  the  l y s in g  medium, suspended in 
0.03M Tris-HCl b u f f e r ,  pH 7 .5 ,  and s t o r e d  in small a l i q u o t s  a t  -40°C u n t i l  
used .
2 .5  Carbohydrate Measurements:
a) L iver glycogen
Liver  glycogen was measured by the method o f  Chang j2t a l _  (138) and
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Fig. 2.11 Adenylate cyclase activity of the different 
fractions collected by differential 
centrifugation.
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summarized as fo l lows:
In t h i s  method th e  l i v e r  was homogenized in  0.03N HC1. A f te r  heat ing  
f o r  5 min.  in  a b o i l i n g  water  ba th  g lucose  was r e l e a s e d  by in c u b a t io n  in
0.2M a c e t a t e  b u f f e r  pH 4 . 8 , wi th  amyloa-1 , 4 - 1 ,6  g lu c o s id a s e  fo r  90 min. 
a t  37°C. Glucose produced was measured.
b) Glucose
Blood samples were c o l l e c t e d  in  f l u o r i d e  tubes  and kep t  a t  4°C 
u n t i l  measurement (w i th in  the  same day}* Glucose was measured using 
GOD-Perid method with  a k i t  supp l ied  by Boehr inger  Mannheim (C a te No.
15155).  This method uses the  chromogen ABTS, ammonium s a l t  o f  ( 2 , 2 I 
a z i n o - d i , 3 - e t h y l - b e n z o t h i a z o l i n e - 6 - s u l phonic a c id )  as redox i n d i c a t o r  
with  g lucose  oxidase  and pe rox idase .  The method has a c o e f f i c i e n t  o f  
v a r i a t i o n  (cv) o f  3.3% a t  5 mnoles/1 .
2 .6  Lipid Measurements:
Lip ids  in plasma and l i v e r  homogenates were measured.
a) Choleste ro l
Choleste ro l  was measured c o l o r i m e t r i c a l l y  u s ing  a k i t  method su p p l i e d  
by Boehr inger Mannheim (Cat.No. 15949).  This method u t i l i s e s  the  Lieberman- 
Burchard r e a c t io n  o f  a c e t i c  anhydride and co n cen t ra ted  s u l p h u r i c  ac id  w i th  
a r e p r o d u c i b i l i t y  va lue  o f + 6 . 0%.
b) Free Fa t ty  Acids
FFA l e v e l s  were a l so  measured c o l o r i m e t r i c a l l y  us ing  a k i t  method 
supp l ied  by Boehr inger Mannheim (Cat .  No. 15997).  In t h i s  method the  
FFA a re  conver ted  to  ch lo ro fo rm -so lub le  copper s a l t s .  The copper i n  the  
o rgan ic  l a y e r  i s  subsequently  measured c o l o r i m e t r i c a l l y * The c o n c e n t r a t io n  
o f  FFA i s  p ropor t ioned  to  the  absorbance o f  the  c o p p e r -co n ta in in g  ch loroform.  
The method has a r e p r o d u c i b i l i t y  l e v e l  o f  + 6*0%.
c) T r i g l y c e r i d e s :
T r ig ly c e r id e s  were measured s p e c t ro p h o to m e t r i c a l ly  u s ing  a k i t  
method supp l ied  by Boehr inger  Mannheim (Cat .  No. 15989).  The p r i n c i p l e  
o f  the  method i s  as fo l lows:
|/fiH
T r ig ly c e r id e s  ———> g ly ce ro l  + FFA
OkGlycerol + ATP ---------> g ly c e ro l -3 -p h o sp h a te  + ADP
PkADP + PEP ---------> pyruvate  + ATP
4. | n u  - f
Pyruvate  + NADH+H' —--------> l a c t a t e  + NAD
The disappearance  r a t e  o f  NADH+H+ i s  measured a t  340 nm which i s  
p ro p o r t io n a l  to the  l e v e l s  o f  t r i g l y c e r i d e s  p r e s e n t  i n  th e  sample.  The
method has a CV o f  4.2% a t  1.7 mmoles/1 t r i g l y c e r i d e  c o n c e n t r a t i o n .
R RQ ual i ty  control  s e r a ,  Liponome (BDH, Poole) and Seronorm (Nyegard,
Norway) were used with  a l l  b a tch e s .
2 .7  Determinat ion o f  Cobal t  Levels in  Tissues  o f  CoClp- t rea ted  R a t s :
A weighed p o r t io n  (1 g .) o f  each t i s s u e  o r  1 ml o f  plasma was
d ig e s t ed  i n  concen t ra ted  n i t r i c  ac id  and p e r c h l o r i c  a c id  ( 5 : 1 ) .  The 
d i g e s t  was then heated  on a ho t  p l a t e  a t  a tempera ture  o f  300°C u n t i l  
th e  s o lu t io n  was evaporated to  d ryness .  The c o b a l t  i n  th e  r e s i d u e  was 
r e - d i s s o lv e d  in 1 ml o f  4.5N n i t r i c  a c id  s o l u t i o n  and hea ted  again  a t  
150°c fo r  2 min. A f te r  c oo l ing ,  1 ml a l i q u o t s  were th en  b u f f e r e d  by the  
a d d i t i o n  o f  0 .3  ml ammonium c i t r a t e  b u f f e r  (5% w/v ammonium c i t r a t e  in 
6 N ammonia). The pH was a d ju s ted  to 3 .0  wi th  ammonia s o l u t i o n .  0.1 ml 
o f  ammonium p y r r o l id in e d i th io c a rb a m a te  (APDC) was added and th e  c o b a l t  
was e x t r a c t e d  in  0 .5  ml o f  methyl i sobu ty l  ke tone .  A s e r i e s  o f  c o b a l t  
s t an d a rd  s o lu t io n s  (5-500 pg/100 ml) were e x t r a c t e d  in  t h e  same manner.
The o rgan ic  l a y e r  was then s ep a ra te d  from th e  aqueous l a y e r  fo l lowing 
c e n t r i f u g a t i o n  and a s p i r a t e d  in to  1L 353 atomic a b s o r p t io n  sp e c t ro p h o to ­
m e te r  ( I n s t ru m en ta t io n  Laboratory UK L t d . , )  and th e  a b s o r p t io n  a t  240.7 nm
-  6 2  _
was de termined. The d e te c t io n  l i m i t  o f  th e  method was 1 yg Co/100 ml,
10 ng/gm t i s s u e .
2*8. Plasma I n s u l i n  and Glucagon Determ ina t ions :
Plasma i n s u l i n  and glucagon were determined by radioimmunoassay 
us ing  human i n s u l i n  and porc ine  glucagon as s t a n d a r d s .  The glucagon 
anti serum used had a low c r o s s - r e a c t i v i t y  with gut e x t r a c t s  (GLI) .
Glucagon radioimmunoassay had a s e n s i t i v i t y  o f  25-40 ng/1 with  a 
c o e f f i c i e n t  o f  v a r i a t i o n  o f  5.7%. Glucagon assays  were k indly  c a r r i e d  
o u t  by Dr. Y.. Al-Tamer.-and Dr. D. T s io la k i s  a t  the  U n iv e r s i ty  o f  Sur rey ,  
Biochemistry  Department.  In s u l in  assays  were c a r r i e d  ou t  by Miss Wendy 
Green, C l in ic a l  Biochemis try  Department, S t .  Luke's  H o s p i t a l , G u i ld fo rd ,  
Surrey .
2 .9  Discussion
As t h i s  t h e s i s  i s  p a r t l y  concerned wi th  i n s u l i n  and glucagon l i v e r  
r e c ep to r s  in  normal and pa tho log ica l  s t a t e s  as e x h ib i t e d  by the  r a t  models 
i n v e s t i g a t e d ,  m u c h .e f fo r t  was concen t ra ted  on the  p r e p a r a t i o n  o f  th e se  
r e c ep to r s  in  p u r i f i e d  plasma membranes. Not only the  y i e l d  and p u r i t y  
o f  these  membranes was im por tan t ,  b u t  a l so  the  a b i l i t y  to  b ind  r a d i o ­
a c t i v e  l a b e l l e d  hormones which can be d i sp laced  by u n la b e l l e d  hormones.  
Fur thermore ,  the  a b i l i t y  to  measure in the se  p re p a ra t io n s  th e  basa l  and 
s t im u la t e d  l e v e l s  o f  adenyla te  c y c la s e ,  an enzyme system by which glucagon 
i s  be l ieved  to e x e r t  i t s  m etabol ic  a c t i o n ,  i s  o f  utmost importance f o r  
t h i s  p a r t i c u l a r  type o f  s tudy .  In o rd e r  to  achieve some meaningful r e s u l t s  
a f a i r l y  pure and v i a b l e  l i v e r  plasma membrane p r e p a r a t io n  should  be 
o b ta in e d .
With t h a t  i n  m in d , th ree  d i f f e r e n t  techniques  o f  l i v e r  plasma 
membrane p re p a ra t io n  were t r i e d ,  i n v e s t i g a t e d  and summarized in  F ig .  2 . 2 .  
The f i r s t  method was t h a t  o f  the  two-phase polymer system (d e x t ra n -p o ly -  
e t h y l e n e g l y c o l ) .  This method, as shown in  Table 2.1 gave a good y i e l d  
o f  l i v e r  plasma membranes, with  a f a i r l y  pure p re p a ra t io n  as judged by 
the  plasma membrane marker enzymes, 5 ' -mononucleotidase and Mg - s t i m u l a t e d  
ATPase. The advantage o f  t h i s  method i s  t h a t  i t  u t i l i z e s  low speed 
c e n t r i f u g a t i o n  and thus  e l im in a te s  the  need f o r  expensive high speed 
c e n t r i f u g a t i o n .  I t  i s  a l s o  comparatively  s imple  and h igh ly  r e p r o d u c ib le .  
Hormone-receptor i n t e r a c t i o n  r e s u l t s  f o r  both  i n s u l i n  and glucagon us ing 
t h i s  method o f  plasma membrane p r e p a r a t io n ,  as shown in  F ig .  2 .6  and 2 .7  
f o r  i n s u l i n  and glucagon r e s p e c t i v e l y ,  were e x c e l l e n t .  However, a d en y la te  
cy c la se  basal  and s t im u la te d  l e v e l s  were both low as shown in  Table 2 .3 .  
This led  to  a time-consuming i n v e s t i g a t i o n  i n to  the  method employed f o r  the
de te rm ina t ion  o f  t h i s  enzyme system u t i l i z i n g  AMP-PNP as s u b s t r a t e  p a r t  
o f  which i s  r e p o r te d  under s e c t io n  2 .3  o f  t h i s  c h a p te r .  E ven tua l ly ,  
a f t e r  d i f f e r e n t  methods o f  l i v e r  plasma membrane p re p a ra t io n s  were t r i e d ,  
i t  was d iscovered  t h a t  the  f a u l t  l ay  w i th in  the  plasma membrane 
p r e p a ra t io n  us ing the  two-phase polymer and not the  method employed 
f o r  adeny la te  cyc la se  d e te rm in a t io n .  I t  appears  probable  t h a t  e i t h e r  
one o r  both the  polymers used in the  membrane p re p a ra t io n  might be b locking  
o r  i n t e r f e r i n g  in  some way with  the a c t io n  o f  adeny la te  cyc la se  through 
some s t a g e  o f  i t s  cascade system. Up to the  p re s e n t  no publi shed  work 
has been c i t e d  in any l i t e r a t u r e  us ing  the  two-phase polymer method f o r  
ad en y la te  cyc lase  e s t im a t io n .
-  6 4  -
This d iscove ry  n e c e s s i t a t e d  the  r e t u r n  to  the  more 
c onven t iona l  methods o f  plasma membrane p r e p a ra t io n  i . e .  the  
sucrose  g r a d i e n t  t e ch n iq u es .  The method developed by Ray (116) 
was t r i e d  using fou r  sucrose  g r a d ie n t s  48 ,  45 ,  41 and 37% (w/ w ) , 
(Method 2)and i t s  m o d i f ica t io n  using only two sucrose  g r a d ie n t s  48 and 
42%,(Method 3 ) .  In Method 2 f a i r l y  good r e s u l t s  f o r  membrane 
p u r i t y ,  as shown by the  plasma marker enzymes as well as 
adeny la te  c y c la s e  l e v e l s ,  were o b t a in e d .  However, th e  y i e l d  
was very poor when compared to  Method 1 and Method 3 as shown 
in  Table 2 .1 ,  b u t  the  hormone-receptor i n t e r a c t i o n  r e s u l t s  
f o r  i n s u l i n  and glucagon was j u s t  as good as th e  o t h e r  two 
methods.
Pohl e t  jfl_. (139) have re p o r te d  an in c re a se  in  adenyla te  
cyc la se  a c t i v i t y  in p a r t i a l l y  p u r i f i e d  r a t  l i v e r  plasma membranes 
as  compared to  th e  f u l l y  p u r i f i e d  p r e p a r a t i o n s . This l ed  to  
the  development o f  Method 3 ,  in which only two sucrose  g r a d i e n t s  
were used ,  48 and 42%. Using t h i s  method fo r  the  r a t  l i v e r  
plasma membrane p r e p a r a t i o n ,  i t  was found t h a t  t h e r e  was an 
in c re a s e  in  adeny la te  cyclase  l e v e l s  both i n  the  basa l  and 
s t im u la te d  s t a t e s  a s  shown in Figures  2.9 and 2.10. Not only 
th e  adeny la te  cyc la se  l e v e l s  were e leva ted  b u t  a l so  the  
5 '-mononucleot idase l e v e l s ,  compared to  the  f u l l y  p u r i f i e d  
p rocedure ,  Method 2.
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Table 2 .2  shows a comparison o f  the  y i e l d  and p u r i t y  o f  the  plasma 
membrane p re p a r a t io n s  though the  p re s e n t  work and o th e r  methods us ing 
s i m i l a r  t e c h n q iu e s .  The Table  shows an ap p re c ia b le  drop in  the  plasma 
membrane marker enzyme o f  the  p rep a ra t io n s  f o r  th e  p re s e n t  work as compared 
t o  th e  p r e p a r a t i o n s  o f  o th e r  workers .  I f  the se  enzymes a re  taken to  be 
s o l e l y  lo c a t e d  a t  the  plasma membranes then the  above p re p a ra t io n s  seem 
to  be contaminated with  o t h e r  s u b c e l l u l a r  f r a c t i o n s .  However, Chang e t  a l  
(140) have shown t h a t  t h i s  i s  not the case  and only in  excep t iona l  cases  
have such enzymes been shown to  be lo c a t e d  uniquely  i n  plasma membrane 
f r a c t i o n s .  D i f f e r e n t  p a t t e r n s  o f  l o c a l i z a t i o n  may occur  between the same 
t i s s u e  in  d i f f e r e n t  spec ie s  o r  between d i f f e r e n t  t i s s u e s  in  the  same s p e c i e s .  
They have a l s o  shown t h a t ,  f o r  i n s t a n c e ,  5 ‘-mononucleot idase  a c t i v i t y  in  f a t  
c e l l  homogenates was found t o  change dur ing  f r a c t i o n a t i o n  and very s u b s t a n t i a l  
a c t i v i t y  was p r e s e n t  in  non-plasma membrane f r a c t i o n s .
All th e  above methods u t i l i z e  the  m a te r ia l  p re s e n t  in the  low speed
n u c le a r  f r a c t i o n ,  assuming t h a t  the  i n t a c t  l a r g e  shee t s  o f  membranes w i l l
sedim ent  wi th  t h i s  f r a c t i o n ,  whi le  a l l  o f  the  o th e r  f r a c t i o n s  being
d i s c a rd e d .  Chang et. al_ (140) in  t h e i r  s t u d i e s  have l a b e l l e d  t h e  s p e c i f i c
c e l l  s u r f a c e  membrane r e c ep to r s  with low c o n ce n t ra t io n s  o f  h igh ly  r a d i o -  
125a c t i v e  1- l i g a n d  and counted the  t r a c e r  a f t e r  conventional  plasma membrane 
p r e p a r a t io n  p rocedures .  They have repo r ted  t h a t  s u b s t a n t i a l  q u a n t i t i e s  o f  
plasma membranes (>  50%) were not  recovered in the i n t e r f a c e  o f  the  two- 
phase  polymer system. Conventional l i v e r  f r a c t i o n a t i o n  p rocedu res ,  as 
employed h e re ,  which r e t a i n  f o r  f u r t h e r  p u r i f c a t i o n  only the r e a d i l y  
sedimented p e l l e t  (2000  x g) d isca rded  a very l a r g e  ( a t  l e a s t  60%) f r a c t i o n  
o f  th e  t o t a l  plasma membranes.
In th e  i o d in a t io n  procedures the  Method o f  Jorgensen  and Larsen (120) 
f o r  glucagon io d in a t io n  proved to be th e  method o f  cho ice  s in ce  as much as 
60$ o f  l a b e l l e d  glucagon was bound by r a t  l i v e r  plasma membrane and was 
r e a d i l y  d i s p l a c e a b l e  by u n lab e l led  g lucagon. Method 2 o f  the  glucagon 
i o d in a t io n  using very low c o n ce n t ra t io n s  o f  chioramine T gave much lower 
b inding r e s u l t s  as shown in F ig .  2 . 5 C
I n s u l i n  proved to  be more d i f f i c u l t  to i o n d in a t e  w i th  r e t e n t i o n  o f  
i t s  b io lo g ic a l  a c t i v i t y  as judged by i t s  a b i l i t y  to  b ind  t o  l i v e r  plasma 
membranes. This i s  due to  the  f a c t  t h a t  t h e  i n s u l i n  molecule  c o n ta in s  
fou r  t y r o s i n e  molecules which a re  r e a d i l y  i o d i n a t e d .  Di- and t r i -  
i o d in a ted  i n s u l i n  have been shown to  be non-binding  to  membranes in  
i n s u l i n - r e c e p t o r  i n t e r a c t i o n  s tu d i e s  (^141). Only mono-iodinated i n s u l i n  
i s  e a s i l y  d i s p l a c e a b l e  f o r  such s t u d i e s .  Here,  once a g a in ,  th e  modif ied  
method o f  J0rgerson  and Larsen proved to be the  b e s t ,  fol lowed by Method 
4 o f  Suzuki e t  a l , as shown in  Fig .  2 . 6 .  The o t h e r  two methods gave 
u n s u i t a b l e  i n s u l i n  label  fo r  the  p r e s e n t  s t u d i e s .  For reasons  o f  
s i m p l i c i t y  and r e p r o d u c i b i l i t y ,  Method 4 was used f o r  a l l  subsequen t  work.
F ig .  2 .3  shows the  e f f e c t  o f  membrane c o n c e n t r a t i o n  on hormone 
b ind ing .  Half  maximal binding (50$ o f  t o t a l  b ind ing )  was chosen f o r  
a l l  subsequent work which was c a l c u l a t e d  to  be approx imate ly  lOOng/ml 
incubat ion  medium.
Fig .  2 .4  shows the  e f f e c t  o f  incu b a t io n  t ime and tem pera tu re  on the  
course  o f  b ind ing .  Both the amount and th e  r a t e  o f  b ind ing  a r e  t e m p e ra tu re -
n "I oc
dependent .  A f te r  30 min* o f  incuba t ion  a t  4 C the  pe rcen tage  o f  1- 
i n s u l i n  Bound was about o n e - th i rd  o f  t h a t  observed a t  30°C and o n ly  one- 
f i f t h  o f  t h a t  f o r  glucagon. The r e a c t i o n  reached a maximal b ind ing  s t a t e  a t  
4°C a f t e r  24 hours incu b a t io n ,  compared to. 30-60 min.  a t  30°C. For a l l
subsequent  work, incubat ion  a t  30°C was c a r r i e d  o u t .
F ig .  2.7  shows the s u i t a b i l i t y  o f  piasmam membrane p re p a ra t io n s
by d i f f e r e n t  methods f o r  g lucagon- recep to r  i n t e r a c t i o n  s t u d i e s  which
were used as a model.  As can be seen from the  graphs ,  th e re  was no
'
s i g n i f i c a n t  d i f f e r e n c e  between the  t h re e  methods employed.
In the  adeny la te  cy c la se  r e s u l t s  shown in  T a b l e 2 .4  ATP proved 
to  be a b e t t e r  s u b s t r a t e  f o r  t h i s  enzyme than AMP.PNP f o r  basa l  and 
s t im u la t e d  l e v e l s .  Although Method 2 u t i l i z i n g  ATP as the  s u b s t r a t e  
i s  more expensive due to  the  presence  o f  the  AT P-.regenera t i n g  system,
i t  was chosen f o r  a l l  subsequent work.
Adenylate cy c la se  e s t im ated  on d i f f e r e n t  f r a c t i o n s  p repa red  by 
d i f f e r e n t i a l  c e n t r i f u g a t i o n ,  as r ep re sen ted  in  F ig .  2 d  1 , shows a 
co n s id e rab le  v a r i a t i o n  o f  d i s t r i b u t i o n  o f  t h i s  enzyme system between 
d i f f e r e n t  f r a c t i o n s .
The "heavy membrane" f r a c t i o n  which la y e r s  lo o se ly  on top  o f  the  
m itochondr ia l  p e l l e t ,  con ta ins  the  h ig h e s t  a c t i v i t y  o f  t h i s  enzyme. This 
i s  followed by th e  nuc lea r  f r a c t i o n  from which i n t a c t  membranes, used 
f o r  t h i s  s tudy a r e  prepared in the above th re e  methods.  The microsomal 
f r a c t i o n  con ta ins  a cons ide rab le  a c t i v i t y  o f  adeny la te  c y c l a s e ,  w h i le  the  
mitochondria l  con ta ins  very l i t t l e .  The d i s t r i b u t i o n  o f  ad en y la te  cy c la se  
a c t i v i t y  in d i f f e r e n t i a l  c e n t r i f u g a t i o n  shows the  heterogeneous n a tu re  o f  
th e  s o - c a l l e d  l i v e r  plasma membrane. I f  adeny la te  cyc la se  i s  taken as a 
marker enzyme f o r  l i v e r  plasma membranes, then t h i s  confi rms the  f in d in g s  
o f  Chang j r t  ajk (140) t h a t  only a small  f r a c t i o n  o f  the  t o t a l  plasma 
membrane i s  recovered in  the  low speed nuc lea r  f r a c t i o n  u t i l i z e d  in  the  
a v a i l a b l e  conventional  procedures f o r  plasma membrane p r e p a r a t i o n s ,  and 
a re  r ep re sen ted  in the th ree  methods employed h e re .
2 . 1 0  S u m m a r y  o f  m e t h o d s  c h o s e n  f o r  w o r k  t o  f o l l o w :
1) All r a t  l i v e r  plasma membranes w i l l  be prepared by two-sucrose 
g r a d i e n t  f l o t a t i o n  technique  (Method 3 ) .
2) Hormone-receptor i n t e r a c t i o n  s tu d i e s  w i l l  be assayed a t  30°C 
us ing  Jprgenson and L a rsen 's  method (Method 1) lab e l  f o r  glucagon, 
and Suzuki jet al_ (Method 4) labe l  f o r  i n s u l i n .
3} ATP w i l l  be used as the  s u b s t r a t e  f o r  adeny la te  cy c la se  d e te rm in a t io n
in  the  presence o f  an ATP-regenerat ing system.
4} Other methods w i l l  be used as desc r ibed  in  t h i s  c h a p te r  and under
o t h e r  a p p ro p ra i t e  chap te rs  in  t h i s  t h e s i s .
CH APTER T H R E E
CARBOHYDRATE METABOLISM IN THE ZUCKER AND CoCT^TREATED RATS
3 . 1 .  I n t r o d u c t i o n :
Much work on in te rm ed ia ry  metabolism has been c a r r i e d  out oh Zucker 
and CoCl2- t r e a t e d  r a t s .  -P re l im in a ry  work in  t h i s  Chapter was d i r e c t e d  
towards conf i rmat ion  o f  previous  s tu d i e s  by o t h e r  workers on th e se  
two animal models. However, in  o rd e r  to e l u c i d a t e  f u r t h e r  the  r o l e  
o f  carbohydrate  metabolism in  the  product ion  o f  o b e s i t y  in  the  Zucker 
f a t t y  r a t  and the  hyperlipaemia  o f  the  CoCl2- t r e a t e d  r a t ,  o th e r  l i n e s  o f  
i n v e s t i g a t i o n s  were pursued.
1. Plasma g lu co se ,  i n s u l i n  and glucagon l e v e l s  were measured in  
f a s t e d  and fed animals .
2. Glucose to l e r a n c e  t e s t s  were performed.
3. Arginine to l e r a n c e  t e s t s  were performed.
4.  Glucose and f r u c to s e  t r a c e r  s t u d i e s  were c a r r i e d  o u t  on CoCl^- 
■■■ t r e a t e d  r a t s .
5. L iver  glycogen was measured in  th e  two types  o f  animal models.  
Glycogen and glycogen syn thase  l e v e l s  in response  to  a g lucose  
loading t e s t  was c a r r i e d  ou t  on the  CoCl2~ t r e a te d  r a t s .
3 .2 .  Methodology
a ) Glucose Tolerance T e s t :
A f te r  an 18 hr .  f a s t ,  f a t t y  and le a n  8 weeks old male Zucker r a t s  were 
a n a e s t h e t i s e d  with Nembutal (6 mg/100 g body w e ig h t ) .  F a s t in g  blood 
samples were withdrawn from the  t a i l  (50y l ) .  3g/kg o f  50% (w/ v )  
s t e r i l i z e d  glucose s o lu t io n  were given i . p .  Ta i l  blood was c o l l e c t e d  
a f t e r  15,  30, 60,  90,  120 and 150 min o f  g lucose  a d m i n i s t r a t i o n .  All 
blood samples were c o l l e c t e d  in  0.33N p e r c h lo r i c  ac id  ( to  d e p r o t e i n i s e ) , 
c e n t r i fu g e d  a t  room temperature  and kept a t  4°C u n t i l  g lucose  was assayed .
The same procedure was c a r r i e d  out on C oCl^- t rea ted  r a t s  and t h e i r  
c o n t r o l s .
b) Arginine Tolerance T e s t :
Following a n a e s th e s ia  with  Nembutal, blood samples were c o l l e c t e d  
by c a rd iac  puncture  from 12 weeks o ld  ,f a s t e d  , f a t t y  and lean  male Zucker r a t s .  
Arginine was given i . p .  a t  a dosage of  2g/kg body weight.  Blood samples 
were c o l l e c t e d  v ia  ca rd iac  puncture  a f t e r  15,  30 and 60 min.  Plasma
was assayed f o r  i n s u l i n ,glucagon and g lucose .  Glucose samples were 
c o l l e c t e d  in  small f l u o r i d e - o x a l a t e  t u b e s ,  w h i l s t  glucagon and i n s u l i n  
samples were c o l l e c t e d  i n t o  hep a r in i sed  tubes  .conta ining 2,000K1U Trasy lo l  
per  ml o f  blood. 1ml blood samples were c o l l e c t e d  each t ime.  All 
samples were c en t r i fu g e d  immediately and th e  plasma was s e p a ra te d  and 
s to re d  a t  -20°C u n t i l  assayed .
The same procedure  was repea ted  on CoCl2~ t r e a te d  r a t s  and t h e i r  
c o n t r o l s .
c) Glucose and Fruc tose  Tracer  S t u d i e s :
Following an ove rn igh t  f a s t  CoCl2~ t r e a t e d  r a t s  and t h e i r  c o n t r o l s  
were given Ig g lucose  con ta in ing  25yCi D-[U-^C] glucose  o r a l l y  per  
r a t .  A f te r  3 h r  the  animals were a n a e s th e t i z e d  with Nembutal and b lood ,  1iv e r  
epididymal f a t  pads,  muscle and kidneys were c o l l e c t e d  f o r  a n a l y s i s .  The l i v e r s  
were qu ick ly  washed with s a l i n e  and immediately dropped in  l i q u i d  n i t r o g e n  
to  p reserve  t h e i r  glycogen c o n te n t .
The t i s s u e s  were processed  as fo l lows:
i ) Liver
A l i v e r  homogenate (10%) was made us ing a Poly tron homogeniser ( s e t t i n g  3) 
in e th an o l /w a te r  mixture  (7:3 v/ v ) .  An a l i q u o t  o f  0.4ml was placed in  
a s c i n t i l l a t i o n  v ia l  and 3ml hyamine hydroxide added as p r o t e in  
d i g e s t a n t .  A f te r  heat ing  in  a wa ter  bath f o r  3 hours th e  d i g e s t  was 
cooled ,  deco lour ized  by the  a d d i t i o n  o f  0.4ml o f  a 30% H202 s o l u t i o n
and l e f t  o v e rn ig h t .  The mixture  was'made acid.ic nex t  morning by the  a d d i t i o n  
o f  0.25ml concen t ra ted  HC1. 9 ml In s t a -g e l  s c i n t i l l a n t  was subsequent ly  added
and the  mixture  counted ,  a f t e r  a f u r t h e r  12 hours ,  in  a LKB 0 -Counter.
Liver  glycogen was i s o l a t e d  using a s tanda rd  potass ium hydroxide- 
e thanol e x t r a c t i o n  procedure (142) .  Ig o f  l i v e r  + 8ml o f  30% KOH 
s o l u t i o n  were heated in  a b o i l i n g  w a te r  ba th  u n t i l  d i g e s t i o n  was 
completed g iv ing  a c l e a r  s o l u t i o n .  A f te r  coo l ing  i n  an ic e  bath 10ml o f  
95% ethanol were added. A f te r  30 min the  whi te  p r e c i p i t a t e  o f  glycogen 
was sep a ra ted  by c e n t r i f u g a t i o n  and the  e thanol  e x t r a c t i o n  procedure 
was rep ea ted .  The r e s u l t a n t  glycogen was d i s so lv e d  in  4ml o f  b o i l i n g  
w a te r ;  9ml In s ta -g e l  were added and the  samples counted in  an LKB-0 - c o u n te r .
Liver  t o t a l  l i p i d s  were i s o l a t e d  using a s tanda rd  chloroform-methanol 
procedure .  A p o r t io n  o f  l i v e r  (2g) was homogenized in  38ml chloroform- 
methanol mixture (2:1 V/ v ) ,  in a Poly t ron  homogenizer. The r e s u l t i n g  
suspension  was f i l t e r e d  through g la s s  wool and 20ml t r a n s f e r r e d  . 
to  a 50ml g la ss  s toppered  con ica l  f l a s k .  6.4ml methanol was added 
followed by 10.6ml o f  w a te r .  A f te r  mixing the  suspens ion  was s epa ra ted  
i n t o  two phases by c e n t r i f u g a t i o n .  3 ml a l i q u o t  o f  t h e  chloroform phase 
was evaporated to d ryness .  The d r ied  r e s id u e  was mixed with  9 ml I n s t a -  
gel and counted in  an LKB-0 -Counter.
i i )  Muscle, kidneys and adipose  t i s s u e
Homogenates o f  these  t i s s u e s  were made (10%) d ig e s t e d  and counted 
as desc r ibed  above f o r  t o t a l  l i v e r .
i i i ) Plasma
One ml o f  plasma was added to  9ml In s t a - g e l  mixed and counted.
Fructose  t r a c e r  s tu d ie s  on the  c o b a l t  c h l o r i d e - t r e a t e d  r a t s  and
t h e i r  c o n t r o l s  were c a r r i e d  ou t  e x a c t ly  as f o r  g lucose  excep t  t h a t  Ig o f  "cold" 
f r u c to s e  was given o r a l l y  with 25yCi o f  D[li- C] f r u c t o s e .
id  fiC-n-hexadec&ne (1 x 10 dpm/g) was used as an ex te rna l  s t an d a rd .
Counting e f f i c i e n c y  f o r  each t i s s u e  was c a l c u l a t e d  and a l l  r ep o r ted  
r e s u l t s  were c o r r e c t e d  acco rd in g ly .
d) Glucose load ing  T e s t ,  Glycogen and Glycogen Syn thase :
A glucose  load ing  t e s t  was c a r r i e d  ou t  on the  CoCl^- t rea ted  
r a t s  and t h e i r  c o n t r o l s .  A f te r  an ove rn ig h t  f a s t  each r a t  was given 1 g 
o f  glucose  o r a l l y  p lus  1 g glucose  I . P . . T h r e e  hours l a t e r  the  r a t s  were 
a n a e s th e t i s e d  wi th  Nembutal, t h e i r  l i v e r s  were removed and immediately 
p laced  i n  l i q u i d  n i t ro g en  f o r  g lycogen-es t im a t ion  as desc r ibed  above.
Liver glycogen was measured in  Zucker lean  and f a t t y  r a t s  as well as 
in  CoCl2" t r e a t e d  r a t s  and t h e i r  c o n t r o l s .
Glycogen syn thase  [EC 2 .4 .1 .1 1 ]  was determined by measuring th e  i n c o r p o r a t f  
o f  ^ C - g lu c o s e  from UDP-[U-^C] glucose  i n t o  glycogen.  The ^ C ~ l a b e l l e d  
glycogen was measured a f t e r  ad so rp t io n  on f i l t e r  paper .  Active  sy n th ase  ( I )  
and t o t a l - s y n t h a s e  ( I  + D) a c t i v i t y  were e s t im a ted  a t  pH 7 .8  as d e sc r ib ed  in  
d e t a i l  by Watts and Gain (142).
S t a t i s t i c a l  ana ly se s  were c a r r i e d  out us ing th e  Mann-Whitney U - t e s t  (169).
3 . 3 .  R e s u l t s
a )  Zucker Rats
i ) Plasma g lucose  and hormone c o n c e n t r a t i o n s :
As shown in  Table 3 .1 .  lean  Zucker r a t s  had s i m i l a r  plasma glucose
l e v e l s  to  t h e i r  f a s t e d  and fed f a t t y  c o u n t e r p a r t s .  Plasma glucagon
le v e l s  were s l i g h t l y  h igher  in  the  f a s t i n g  f a t t y  r a t s  than in  t h e i r
le an  l i t t e r  mates ,  but not s i g n i f i c a n t l y  so .  However, i n  th e  fed f a t t y
animals plasma glucagon l e v e l s  though lower than  those  in  f a s t i n g  f a t  an imals ,
were nonetheless  s i g n i f i c a n t l y  lower than in t h e i r  lean  c o n t ro l s  (p<0 .0 2 ) .  
Plasma i n s u l i n  showed a 14-fo ld  i n c re a s e  in t h e - f a t t y  r a t s  compared to  t h e  lean
ones in the  f a s t e d  s t a t e ;  and a 9 - f o ld  in c re a se  in  the  fed s t a t e .
Table  3.1 Average w e igh ts ,  plasma g lucose  and hormone c o n c e n t r a t io n s  
o f  12 weeks old  male Zucker l e an  and f a t t y  r a t s  in  th e  
the f a s t ed  and fed s t a t e s . Fasted assays  were ob ta ined  
a f t e r  18 hrs o f  food d e p r i v a t i o n .  Values a r e  th e  mean.
_+ SEM o f  5 animals in  each group.
Fasted Fed
Weight Glucose 
g mmol/1
In s u l in  Glucagon 
mU/1 ng/ 1
Glucose I n s u l in  Glucagon 
mmol/I mU/1 ng/1
Zucker lean 350+6 5.5+0.7 22+5 196+25 7 .5+ 0 .8 64+15 38+7
Zucker Fa t ty 490+5 6 .3+0.5 315+30 243+40 8 . 2+0 .9 555+40 70+10
P - . ns < 0.001 ns ns < 0 .001 < 0 .0 2
j i ) Glucose t o l e r a n c e  t e s t :
As shown in  Fig .  3 .1 .  f a s t i n g  blood g lucose  l e v e l s  were s i m i l a r
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Fig. 3.1 Glucose Tolerance Curves for Fatty and Lean Zucker 
Rats.
Glucose (3g/kg body weight) was given i.p . in 50%
solution. Results are expressed as the Mean + SEM. 
( ®) Lean rats, (a) Fatty rats, n =  5 for each group 
of animals.
in  the  f a t t y  and lean  Zucker r a t s  as in  the  prev ious  exper im en t .  F ig .  3 .1 .  
a l s o  shows t h a t  th e  r a t e  o f  d isappearance  o f  blood g lucose  fo l low ing  i . p .  
g lucose  a d m in i s t r a t i o n  was s i m i l a r  in  both groups o f  r a t s .
i i i )  Argin ine  to l e r a n c e  t e s t ;
To e v a lu a te  th e  s e c r e to r y  s t a t u s  o f  th e  a lpha  c e l l  i n  t h e s e  a n im a l s ,  
the  amino ac id  a r g in in e  was adm in is te red  in  very  l a r g e  doses  (143,144) .
As shown in  Fig .  3 .2 .  both lean  and f a t t y  r a t s  demonst ra ted  a s te a d y  r i s e  
in  plasma glucose  c o n c e n t r a t io n  which continued upto t h e  t e r m in a t io n  o f  
th e  experiment a t  60 min. The f a t t y  r a t s  had s i g n i f i c a n t l y  h ig h e r  blood 
g lucose  l e v e l s  a t  60 min than t h e i r  le an  l i t t e r - m a t e s .
Basal plasma glucagon l e v e l s  were h igher  in  th e  f a t t y  r a t s  (220+50 n g / 1 ) 
than in  th e  lean  animals (200±20ng/l) bu t not s i g n i f i c a n t l y  s o .  A rg in ine  
s t im u la t io n  caused h igher  r i s e  in  plasma glucagon l e v e l s  in  t h e  f a t t y  r a t s ;  
mean maximal l e v e l s  were 1075+90ng/l a t  30 min in  th e  f a t t y  r a t s  compared 
to  only  440+50 ng/1 a f t e r  60 min in  th e  lean  ones .
Plasma i n s u l i n  l e v e l s  rose  1 3 - fo ld  a f t e r  30 min as a r e s u l t  o f  
a r g in in e  s t i m u la t io n  in  th e  lean r a t s .  This was followed by a d ro p ,  
a f t e r  60 min, to  about  a 9 - fo ld  i n c re a s e  above basa l  l e v e l s .  The f a t t y  
r a t s  e x h ib i t e d  a l e s s  dramatic  r i s e  amounting to  only  a 1 . 5 - f o l d  i n c r e a s e  
a f t e r  30 min compared to the  basal  s t a t e .  The d i f f e r e n c e  in  th e  magnitude 
o f  i n s u l i n  response  i s  probably  due to  the  p r e - e x i s t i n g  e l e v a t e d  l e v e l s  
of  i n s u l i n  in  th e  f a t t y  r a t s .
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iv )  L iver  Glycogen:
Table 3 .2  compares the  l i v e r  glycogen con ten t  of  lean  and f a t t y  Zucker 
r a t s .  L iver  glycogen was roughly 9 - fo ld  in c reased  in the  f a t t y  r a t s  as 
compared to  t h e i r  lean  l i t t e r  mates in  the  f a s t e d  s t a t e s .  A f te r  feed ing  
th e  r a t i o  was reduced to  about two fo ld  on ly .  The d i f f e r e n c e  in  th e  l i v e r  
glycogen c o n ten t  might e x p la in  the  g r e a t e r  r i s e  in  blood glucose l e v e l s  
in  the  f a t t y  r a t s  compared with t h e i r l e a n  l i t t e r  mates a f t e r  a r g i n i n e  
s t i m u la t io n  (Fig.  3 . 2 ) .
Table 3 .2  L iver  glycogen co n ten t  o f  9 weeks old  female lean  
and f a t t y  Zucker r a t s  in  the  f a s t e d  and fed s t a t e s .  
Fasted r e s u l t s  were ob ta ined  a f t e r  20hr o f  food 
d e p r iv a t i o n .  Values a re  the  mean + SEM o f  3 animals  
in each group. Result s  a r e  expressed  as pmoles g lu c o s e /  
g wet weight o f  l i v e r .
Fasted Fed
Zucker lean 31 + 7 239 + 42
Zucker f a t t y 272 + 55 416 + 33
b) C o b a l t - c h lo r id e  Treated  r a t s :
i ) Plasma g lucose  and hormone c o n ce n t ra t io n s
Table 3.3  shows t h a t  C o C ^ - t r e a t e d  animals had s i m i l a r  plasma g lucose  
l e v e l s  to  t h e i r  f a s t e d  and fed c o n t r o l s .  Very s i m i l a r  r e s u l t s  were a l s o  
ob ta ined  f o r  plasma i n s u l i n  and glucagon l e v e l s  in  th e  two groups o f  an im a ls :  
both in  th e  f a s t e d  and fed s t a t e s .
i i ) Glucose t o l e r a n c e  t e s t
Glucose t o l e r a n c e  curves  a re  shown, in  F ig .  3 .3 ,  f o r  C o C ^ - t r e a t e d  
animals  and t h e i r  c o n t r o l s .  The CoCl^- t rea ted  r a t s  demonstrated mild  but
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Fig. 3. 3 Glucose Tolerance Curves for Cobalt Chloride-Treated 
and Control Rats.
Glucose was given i.p . in 50% solution at 3g/kg body 
weight. Results are expressed as the Mean ± SEM.
(©) Control rats, ( a ) CoCl2-treated rats, n =  5 for 
each group of animals, p =  ns for all points.
s t a t i s t i c a l l y  i n s i g n i f i c a n t  i n to l e r a n c e  to  a g lucose  load compared 
to  t h e i r  c o n t r o l s .
i i i )  Argin ine  t o l e r a n c e  t e s t
To examine p a n c rea t i c  glucagon s e c r e to r y  p o t e n t i a l , a high dose 
a r g in in e  s t im u la t io n  t e s t  was performed o n . th e  C oC l^ - t rea ted  r a t s  as 
f o r  the  Zucker r a t s  above, (F ig .  3 . 4 . ) .
Both groups o f  animals  showed s i m i l a r  re sponses  t o  a r g i n i n e .  Plasma 
g lucose  demonst rated a s teady  and s i m i l a r  r i s e  in  both groups o f  animals  
up to  the  t e rm in a t io n  o f  the  exper iment  a t  60 min. Mean plasma glucagon
l e v e l s  reached a peak o f  170+19 ng/1 in  the  con tro l  animals  and 180+35 ng/1
in the  CoCl^- t rea ted  ones (p-n s ) , 15-30 min a f t e r  a r g i n i n e  a d m i n i s t r a t i o n .  
The s l i g h t l y  h igher  r i s e  in  mean plasma i n s u l i n  l e v e l s  observed in  the
CoCl2- t r e a t e d  animals compared to  t h e i r  c o n t r o l s  was no t  s t a t i s t i c a l l y
s i g n i f i c a n t .
Table 3 .3  Average w e igh ts ,  plasma g lucose  and hormone c o n c e n t r a t i o n s  in  
CoCl2“ t r e a t e d  and con tro l  r a t s  in  th e  f a s t e d  and f e d  s t a t e s .  
Fasted assays were ob ta ined  a f t e r  18hr o f  food d e p r i v a t i o n .  
Values are  the  mean + SEM o f  6 animals in  each group*
Fasted Fed
Weight
g
Glucose 
mmol/I
I n s u l in  
mU/1
Glucagon
ng/T
Glucose
mmol/1
I n s u l i n
mU/1
Glucagon
ng/1
Contro ls 208+5 3 .8 + 0 .8 24.0+5 28+5 11.2+0.7 125+16 28+4
CoCl2“ 
t r e a t e d
196+7 3.6+0.7 22+6 26+4 1 0 . 2+0 .8 96+12 26+5
P ns ns ns ns ns ns ns
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i v ) Glucose and f r u c t o s e  t r a c e r  s tu d i e s
As shown from the  above s tu d i e s  no d i f f e r e n c e s  in  carbohydra te  
metabolism had been demonstrated between CoCl2 ~ t re a te d  r a t s  and t h e i r  
c o n t r o l s .  In o rde r  to  f u r t h e r  e l u c i d a t e  a p o s s ib l e  r o l e  o f  carbohydrate  
metabolism in  the  hyperl ipaemia  o f  the  C oCl^- t rea ted  animals the  l a b e l l e d  
glucose  and f r u c t o s e  t r a c e r  s tu d ie s  were performed. R esu l t s  o f  th e  
g lucose  t r a c e r  s tu d i e s  a re  shown in  Fig .  3 .5 .  L i v e r ,  ad ipose  t i s s u e ,  
kidney and muscle showed a h igher in c o rp o ra t io n  o f  th e  lab e l  in  the  
C oCl^- t rea ted  r a t s  than in  t h e i r  c o n t r o l s .  However, only  i n  th e  case 
o f  th e  l i v e r  were the  r e s u l t s  obta ined  s i g n i f i c a n t l y  d i f f e r e n t  between the 
two groups o f  animals ( j)<0.05i.  In the  CoCl^- t rea ted  animals  2.25% of  the  
t o t a l  l abe l  admin is tered  was incorpora ted  i n to  the  l i v e r  p e r  gm wet weight 
as compared to only 1.65% in the  c o n t r o l s .  The bulk o f  the  lab e l  taken 
up by the  l i v e r  in both groups o f  animals was inco rp o ra ted  in to  g lycogen.
Of the label  taken up by t h i s  organ 76% was inco rp o ra ted  i n t o  glycogen in 
the  CoCl2~ t r e a t e d  animals and 54.5% in the  c o n t ro l s  (p<0 .001) .  The con tro l  
animals  inco rpo ra ted  mere o f  the  lab e l  in to  l i v e r  l i p i d s ;  th e  va lues  being 
5,5% and <2% r e s p e c t i v e l y  f o r  the  con t ro l  and C oC l^- t rea ted  animals  
(p<0.05) .  The remainder o f  the  labe l  taken up by th e  l i v e r ,  i . e .  40% f o r  
th e  c o n t r o l s  and 22% f o r  th e  C o C ^ - t r e a t e d  r a t s ,  was used up in  o t h e r  
r o u t e s .
The c lea ra n c e  from th e  plasma o f  the  l a b e l l e d  g lucose  was s i m i l a r  
in  both groups of  animals as shown in  Fig .  3 .5 .
F ig .  3 .6  shows the  f a t e  o f  l a b e l l e d  f r u c t o s e  in  the  C o C l^ - t rea ted  r a t s  
and t h e i r  c o n t r o l s .  The in co rp o ra t io n  o f  t h i s  lab e l  was approximate ly
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h a l f  t h a t  o f  the  l a b e l l e d  g lucose  in th e  var ious  t i s s u e s  examined in  both
groups o f  r a t s .  However, the  o v e ra l l  p i c t u r e  remained s i m i l a r  as t h a t
f o r  l a b e l l e d  g lucose ,  with C o C ^ - t r e a t e d  r a t s  i n c o r p o r a t in g  more o f  th e
labe l  than t h e i r  c o n t ro l s  except  f o r  the  muscle t i s s u e .  The l i v e r  once
again  showed the  h ighe r  in c o rp o ra t io n  o f  th e  f r u c t o s e  l a b e l  where 0.97%
o f  the  t o t a l  labe l  was u t i l i z e d  per gram o f  l i v e r  i n  the  CaC f^ - t rea ted
animals compared to  0.72% in the  c o n t r o l s  (p<0.0 5 ) .  Out o f  the
t o t a l  f r u c t o s e  lab e l  taken up by th e  l i v e r  56% was i n c o r p o r a t e d - i n t o
glycogen by the  CoCl2~ t re a te d  r a t s  and 47% by t h e i r  c o n t r o l s  (p<0 .05) ,
1%, »was p r e s e n t  in  l i v e r  l i p i d s  in t h e  CoCl£- t rea ted  r a t s  and 11% in
t h e i r  c o n t r o l s .  The remainder, which was approximate ly  th e  same in both
groups o f  r a t s ,  i . e .  43% f o r  the  C o C ^ - t r e a t e d  animals and 42% f o r  t h e i r  
co n t ro l s ,w as  presumably used up by o t h e r  r o u t e s .  Unlike t h e . l a b e l  led g lucose
the  c lea ra n c e  r a t e  o f  l a b e l l e d  f r u c t o s e  from th e  blood was s lower  in  the
CoCl^ - t rea ted  r a t s  than in  t h e i r  co n t ro l s , ,  jud g in g  by the plasma l e v e l s  o f  
l a b e l l e d  f r u c to s e  a f t e r  3 hr  (F ig .  3 . 6 ) .
Table 3 .4  Liver glycogen c o n ten t  a f t e r  l a b e l l e d  g lucose  and f r u c t o s e  
t r a c e r  s t u d i e s  and g lucose  loading  t e s t .  R esu l t s  a r e  
expressed  as jimoles glucose/gm wet l i v e r  and a r e  th e  mean
+ SEM o f  5 animals in each group.
A f te r  a *C-glucose
Ig glucose  + label  
o r a l l y
A f te r  1^C -f ru c to se  
Ig f r u c t o s e  + l a b e l  
- o r a l l y
A f t e r  g lucose  
l oad ing  t e s t
Controls 1 2 5 + 1 2 . 0 134 + 13 230 + 28
C o C l t r e a t e d 179 + 25 1 6 6 + 1 3 292 + 14
P < 0.001 < 0 .001 < 0.005
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Following the  f in d in g  from the t r a c e r  s tu d i e s  t h a t  the  C oCl^- t rea ted  
l i v e r s  in c o rp o ra te  more o f  the  t r a c e r  in to  glycogen than t h e i r  normal c o n t r o l s ,  
glycogen was e s t im a ted  in  the l i v e r s  which had been kept a t  -20°C a f t e r  the  
t r a c e r  s t u d i e s .  A g lucose  loading t e s t  ( see  Methods) was c a r r i e d  o u t .  The r e s u l t s  
are  shown in Table 3 . 4 .  from which i t  can be seen t h a t  in  l i v e r s  from a l l
th r e e  t e s t s  CoCl^- t rea ted  r a t s  conta ined  s i g n i f i c a n t l y  more g lycogen- than  
t h e i r  c o n t r o l s .
As a r e s u l t  o f  th e se  f ind ings  i t  was decided to  measure glycogen syn thase  
a c t i v i t y  in the  two groups o f  r a t  l i v e r s  a f t e r  g lucose  and f r u c t o s e  t r a c e r
s t u d i e s .  Result s  are  shown in Table 3 .5 .
. ' ! 
From these  r e s u l t s  i t  can be seen t h a t  a l though th e re  was a s l i g h t
in c re a s e  in the  t o t a l  enzyme a c t i v i t y  in the  CoCl^-t rea ted  r a t s .  ‘This was
not  s t a t i s t i c a l l y  s i g n i f i c a n t .  However, the  a c t i v e  form o f  the  enzyme d id  |
show a s i g n i f i c a n t  i n c re a s e  in CoCl2 - t r e a t e d  r a t s  compared to  t h e i r  c o n t ro l s  
p a r t i c u l a r l y  in  the  glucose  t r a c e r  s t u d i e s .  j
i
• . I
Table 3.5  Glycogen syn thase  a c t i v i t y  in the  CoCl^- t rea ted  and co n t ro l  r a t s  
The enzyme a c t i v i t y  i s  expressed as u n i t s  per mg p r o t e i n .  A 
u n i t  o f  enzyme‘a c t i v i t y  c a ta ly sed  the  in c o rp o ra t io n  o f  1 ymol I
o f  glucose  from UDP-glucose i n to  glycogen in 1 min.  under th e
cond i t ions  o f  the  assay .  Values 
in each g ro u p .
a re  the  mean + SEM o f  5 animals
Livers  from animals used in 
glucose  t r a c e r  s t u d i e s
Livers  from animals used i n  
f r u c t o s e  t r a c e r  s t u d i e s
Total 
enzyme 
I & D
Acti ve 
enzyme 
I
% Active Total 
enzyme 
I & D
Acti ve 
enzyme 
I
% Act ive
Controls 10+1.9 1.1+0.23 13.4+1.2 12.1+1.5 0.9+0.1 7.7+0.35
C o C l t r e a t e d 11.3+1.7 2 . 1+0 .4 19.6+1.7 13.2+0.5 1.3+0.05 9 .0+0 .36
P ns < 0.05 < 0.001 ns < 0.01 < 0 .05
i
3 . 4  D i s c u s s i o n
The p re s en t  s tu d i e s  conf irm and extend p re l im in a ry  o b se r v a t io n s  which 
in d i c a te d  t h a t  o b e s i ty  in  the  Zucker f a t t y  r a t  i s  a s s o c i a t e d  w i th  hyper-  
in su l inaem ia  (90,  145). The high c o n ce n t r a t io n  o f  plasma i n s u l i n  in  fed 
f a t t y  r a t s , a n d  the  p e r s i s t a n c e  of  r e l a t i v e l y  high c o n c e n t r a t io n s  o f  plasma 
i n s u l i n  dur ing  f a s t i n g  might r e s u l t  e i t h e r  from slow c l e a ra n c e  o f  the  
hormone o r  from i t s  excess ive  p roduc t ion .  From previous  s tudy  the  l a t t e r  
p o s s i b i l i t y  was thought  more l i k e l y  by the  f in d in g  o f  a h ig h e r  r a t e  o f  
r e l e a s e  o f  i n s u l i n  from i s o l a t e d  p a n c r e a t i c  i s l e t s  (1 4 5 ) ,  from Zucker f a t t y  
r a t s  and a normal c lea rance  o f  i n s u l i n  in  t h i s  s t r a i n  o f  r a t s  ( 9 0 ) .
This s tudy confirms previous r e p o r t s  (90) t h a t  o b e s i t y  and 
hyper insu l inaemia  p r e s e n t  in  the  Zucker f a t t y  r a t  a re  a s s o c i a t e d  with  
normal glucose metabolism in  both'  the f a s t e d  and fed s t a t e s .  A g lucose  
t o l e r a n c e '  t e s t  i s  a l so  normal.
Plasma glucagon l e v e l s  in  the  f a t t y  r a t s  were found to  be s i g n i f i c a n t l y  
e l ev a te d  compared to  . t h e i r  lean l i t t e r m a t e s  in  th e  fed s t a t e  as wel l  as 
in response  to a r g in in e .  These r e s u l t s  a re  c o n t r a d i c t o r y  to  p rev ious  r e p o r t s  
in  s i m i l a r  s tu d i e s  c a r r i e d  ou t  by Eaton e t  a l . ( 1 4 4 ) .  These workers 
repo r ted  t h a t  plasma glucagon le v e l s  in  t h i s  s t r a i n  o f  f a t t y  r a t s  were lower 
fed animals than in  t h e i r  lean  c o n t r o l s .  Following f a s t i n g  t h e  r e d u c t io n  in
plasma glucagon l e v e l s  in  the  f a t t y  r a t s  was even g r e a t e r  compared to  th e  
le an  c o n t ro l s .  In response to  a rg in in e  t h e  same group have
a lso  re p o r te d  a subnormal r i s e  in glucagon l e v e l s  in  the  f a t t y  r a t s  ■
compared to  t h e i r  lean c o u n te r p a r t s .  My r e s u l t s ,  however,
are  more in agreement with  plasma glucagon values  rep o r ted  by Laburthe
jet  al_. (98) who found inc reased  glucagon va lues  in  the  f a t t y  animals
compared to  the  1e a n .
Obese n o n -d ia b e t i c  s u b je c t s  have e l ev a te d  basa l  and s t im u la t e d  
i n s u l i n  l e v e l s .  Obese d i a b e t i c  s u b jec t s  on the  o th e r  hand have e l e v a t e d  
basal  i n s u l i n  l e v e l s ,  bu t  t h e i r  s t im u la te d  i n s u l i n  l e v e l s  a r e  l e s s  than 
t h e se  o f  weight-matched n o n -d iab e t ic s (1 4 6 K  According to  t h i s  c l a s s i f i c a t i o n  
and from the  r e s u l t s  p re sen ted  above, the  Zucker f a t t y  r a t s  f a l l  i n t o  
the  f i r s t  c a tego ry .
CoCl^- t rea ted  r a t s  as demonstrated by the  p r e s e n t  s t u d i e s  show no 
s i g n i f i c a n t  d i f f e r e n c e  when compared to  t h e i f  c o n t r o l s  in  plasma g lu co se ,  
i n s u l i n  and glucagon l e v e l s  e i t h e r  in  the  f a s t e d  o r  fed  s t a t e s .  C oC^-  
t r e a t e d  r a t s  a l s o  demonstrated a normal response  to  a g lucose  load  compared 
to  t h e i r  c o n t r o l s .  This f in d in g  i s  in  agreement with  p rev ious  r e p o r t  
by Eaton (147) .
An a r g in in e  t o le ra n c e  t e s t  showed a normal response  in glucagon 
s e c r e t i o n  in the  C o C ^ - t r e a t e d  r a t s  compared to  t h e i r  c o n t r o l s .  Eaton (103) 
has shown t h a t  glucagon s e c re t io n  was markedly e l e v a t e d  a f t e r  a r g i n i n e  
i n f u s io n .  He a l s o  showed a reduced plasma i n s u l i n  re sponse  in  th e  C o C ^ -  
t r e a t e d  r a t s .  “This was not  demonstrated in  the  p r e s e n t  s t u d i e s  (F ig .  3 . 4 ) .
From th e  t r a c e r  s tu d i e s  and the  glucose  loading  t e s t  i t  was shown 
t h a t  CoCl2" t r e a t e d  r a t s  in co rpo ra ted  more glucose  and f r u c t o s e  i n to  
h e p a t i c  glycogen compared to  t h e i r  c o n t r o l s .  E leva ted  h e p a t i c  glycogen
in CoCl2- t r e a t e d  r a t s  on a normal d a i l y  d i e t  have been r e p o r t e d  by 
Eaton (147) and Alexander (148).  The t r a c e r  s tu d i e s  showed 
decreased  in c o rp o ra t io n  o f  the  glucose  and f r u c to s e  l a b e l  i n t o  l i v e r  l i p i d  
in  the  C o C ^ - t r e a t e d  r a t s  compared to  t h e i r  c o n t r o l s .  This i s  p robab ly  
due to  the  h ighe r  in c o rp o ra t io n  o f  glucose and f r u c t o s e  by t h e  CoCl2“ 
t r e a t e d  r a t s  i n to  glycogen than t h e i r  c o n t r o l s . .
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Eaton (147) has repo r ted  low plasma i n s u l i n  l e v e l s  in  th e  CoCl 
t r e a t e d  r a t s  fo llowing an oral  glucose  to le r a n c e  t e s t .  He a t t r i b u t e d  
th e  normal g lucose  to le ra n c e  in s p i t e  o f  much lowered i n s u l i n  l e v e l s  ( f i v e ­
f o ld  decrease)  in  the  C o C ^ - t r e a t e d  r a t s  to  a h ig h e r  i n s u l i n  e f f i c i e n c y  
in terms o f  g lucose  u t i l i z a t i o n  in these  an im als .  This was supported  
by o b se rv a t io n s  by D ix i t  and Lazarow ( 1 4 9 ) , - t h a t  c o b a l t  p o t e n t i a t e d  
and s t im u la te d  i n s u l i n  ac t io n  on ad ipose  t i s s u e .  The p r e s e n t  s tudy  
in d i c a t e s  t h a t  the  probable  reason f o r  the  h ig h e r  glycogen l e v e l s  
shown by CoCl^- t rea ted  r a t s  i s  the  s i g n i f i c a n t  i n c r e a s e  in th e  a c t i v i t y  
o f  h e p a t i c  glycogen syn thase .  The o t h e r  p o s s i b i l i t y  which can c o n t r i b u t e  
to  t h i s  f in d in g  i s  decreased g ly c o g e n o ly s i s . However, Dingle e t  a l ,
(150) who examined the  e f f e c t  o f  c o b a l t  on g lycogeno lys is  in  th e  r a t ,  
r epor ted  t h a t  c o b a l t  caused no i n h i b i t i o n  o f  g lycogeno lys is  in  CoCl 
t r e a t e d  r a t s .
C H A PTER  FOUR
LIPID METABOLISM IN THE ZUCKER AND CoCl2‘-TREATED RATS
C h a p t e r  4
4 . 1  I n t r o d u c t i o n
The p ro g res s iv e  development o f  o b es i ty  in  the  Zucker f a t t y  r a t  
must r e s u l t  from the  d e p o s i t io n  as body f a t  o f  c a l o r i e s  consumed in  
excess o f  e x p e n d i tu re .  The q u e s t io n  thus  a r i s e s  as to  whether the  
Zucker f a t t y  r a t  as compared to  i t s  lean mate ,  has an inc reased  
c ap a c i ty  to  s y n th e s i z e  f a t  in the  form o f  endogenous g ly ce r id es  from f a t t y  
a c id s ,  monosaccharides and amino ac ids  and to s e c r e t e  those  g ly ce r id es  
produced in  th e  l i v e r  i n to  the  plasma as l i p o p r o t e i n s .  To achieve 
t h i s ,  a c t i v i t i e s  o f  plasma t r i g l y c e r i d e  c l e a r in g  f a c t o r s  as well as 
ad ipose  t i s s u e  t r i g l y c e r i d e  d e p o s i t in g  processes  w i l l  have to be g r e a t l y  
i n c re a s e d .  I f  th e  Zucker f a t t y  r a t  could be shown to  have such in c re a s e d  
c a p a c i t i e s ,  t h i s  f ind ing  would then po in t  to one in h e re n t  mechanism which 
might r e s u l t  in  a g r e a t e r  p ropor t ion  of the  d i e t a r y  in ta k e  being depos i t ed  
in  th e  ad ipose  t i s s u e .
The CoCl£- t r e a t e d  r a t  on the  o t h e r  hand, as has been d i scu ssed  in  
Chapter 1,  e x h i b i t s  a h y p e r t r ig ly ce r id a e m ic  syndrome w i th o u t  the  development 
o f  o b e s i t y .  The c o n ce n t r a t io n  o f  plasma t r i g l y c e r i d e s  in  t h i s  animal as 
well as o t h e r  cases  o f  h y p e r t r ig ly c e r id a e m ia ,  might t h e o r e t i c a l l y  be 
governed by changes in the  r a t e  o f  t r i g l y c e r i d e  p roduc t ion ,  by the r a t e  o f  
t r i g l y c e r i d e  removal, o r  both .  The k i n e t i c  behaviour o f  plasma t r i g l y c e r i d e s
the  Zucker f a t t y  and CoCl^- t rea ted  r a t s  has no t , so  f a r ,  been i n v e s t i g a t e d .
In ad ipose  t i s s u e  t h e  processes  o f  uptake o f  c i r c u l a t i n g  t r i g l y c e r i d e s  
and i t s  i n t r a c e l l u l a r  r e l e a s e  r eq u i re s  the  hyd ro lys is  o f  the  t r i g l y c e r i d e  
molecule .  These h y d r o ly t i c  r e a c t io n s  are  mediated by two d i s t i n c t  l i p a s e  
systems (151, 152).  The m o b i l i z a t io n  o f  ad ipose  t i s s u e  t r i g l y c e r i d e  as 
g ly ce ro l  and f a t t y  ac id s  r eq u i re s  the  a c t io n  o f  a ho rm one-sens i t ive  l i p a s e
t h a t  i s  a c t i v a t e d  by glucagon, catecholamines and a v a r i e t y  o f  o th e r  
hormones. Glucagon i s  be l ieved  to  e x e r t  i t s  l y p o l y t i c  a c t i o n  v ia  the  
a c t i v a t i o n  o f  t h i s  enzyme (153, 154, 155) ,  the  mechanism o f  which has 
been d i scussed  in  Chapter 1. The second adipose  t i s s u e  l i p a s e ,  l i p o ­
p r o t e in  l i p a s e ,  r e g u la te s  the  r a t e  o f  uptake o f  plasma t r i g l y c e r i d e s  
by ad ipose  t i s s u e  because o f  i t s  a c t i o n  in c a ta ly s in g  the  hy d ro ly s i s  o f  
c i r c u l a t i n g  chylomicrons and l i p o p r o t e i n  t r i g l y c e r i d e  t h a t  must occur
p r i o r  to  the  uptake o f  f a t t y  a c id  components (156, 157, 158).
* ■
Lipopro te in  l i p a s e  i s  r e l e a s e d  in to  th e  plasma by h epa r in .  The 
l i p o l y t i c  a c t i v i t y  o f  p o s t -h e p a r in  plasma a g a i n s t  d i f f e r e n t  t r i g l y c e r i d e  
s u b s t r a t e s  was widely  used as a measure o f  t i s s u e  l i p o p r o t e i n  l i p a s e  
a c t i v i t y  u n t i l  i t  became ev id en t  t h a t  hepar in  is  ab le  to l i b e r a t e  severa l  
l i p a s e s  from t i s s u e s .  A t r i g l y c e r i d e  l i p a s e  r e le a se d  from the l i v e r  c o n t r ib u t e s  
s i g n i f i c a n t l y  to the  p o s t -h e p a r in  plasma l i p o p r o t e i n  l i p a s e  a c t i v i t y  (PHPLA) 
(159, 160, 161).  The h e p a t i c  l i p a s e  is  r e s i s t a n t  a g a in s t  high c o n c e n t r a t io n s  
o f  sodium c h lo r id e  and protamine su lp h a te  (155, 159, 160).  L ipop ro te in  l i p a s e  
a c t i v i t y  i s  i n h i b i t e d  by catecholamines,  and enhanced by i n s u l i n  (155 ,156 ) .
S tud ies  in  t h i s  Chapter were designed to i n v e s t i g a t e  the  a c t i v i t i e s  
o f  the  above two enzymes in the  Zucker and t r e a t e d  r a t s  and t h e i r
p o s s ib l e  r o l e  in  th e  pa thogenesis  o f  the  hyper! ip idaemia  in the se  two 
animals .
4 . 2 .  Methodology
a) Plasma, l i v e r  and to t a l  body l i p i d s  in  the  Zucker and Co Clg- t r e a t e d  
animals
i )  Plasma l i p i d :  Fourteen week-old male Zucker f a t t y  and lean
animals were f a s t e d  f o r  18hr .  Nembutal was given (6  mg/100 g body w e ig h t ) ,
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blood was c o l l e c t e d  via  c a r d iac  puncture  and p ip e t t e d  i n to  h e p a r in i s e d  
t u b e s .  A f t e r  c e n t r i f u g a t i o n ,  plasma c h o l e s t e r o l , f r e e  f a t t y  ac ids  (FFA) 
and t r i g l y c e r i d e s  were e s t im a ted  as expla ined  in  d e t a i l  in Chapter 1 . .
i i )  Liver  l i p i d :  Livers  were immediately removed a f t e r  c e r v ica l  
d i s l o c a t i o n ,  washed in cold  s a l i n e  and s to re d  a t  ~20°C. Lipids  were 
e x t r a c t e d  and e s t im ated  w i th in  6h r s .  Lipids were e x t r a c t e d  in methanol- 
chloroform as in Chapter 3.
i i i )  Total  body l i p i d s :  Total  body l i p i d s  v/ere e s t im a ted  as f o l l o w s : -
Fourteen week-old male Zucker f a t t y  and lean r a t s  were used .  A f t e r
weighing the  animals were s a c r i f i c e d  by c e rv ica l  d i s l o c a t i o n .  The 
i n t e s t i n a l  con ten ts  were removed. The animals were d r i e d  in a vacuum 
oven a t  70°C fo r  48hr .  They were then weighed and minced 3 t imes through 
a meat and bone g r in d e r .  The m a te r ia l  was b o t t l e d  and s t o r e d  a t  - 2 0°C 
pending a n a l y s i s .  A p o r t io n  (3g) o f  each animal was analysed  f o r  l i p i d  
co n te n t  by e x t r a c t i o n  with  methanol-chloroform method as desc r ibed  above.
An a l i q u o t  o f  the  chloroform phase was evapor ted to  dryness  and weighed 
( t o t a l  body f a t ) .  Total  body t r i g l y c e r i d e s ,  FFA and c h o le s t e r o l  were 
a l so  determined on the chloroform phase.
The same procedure v/as repea ted  in CoCl£ - t r e a t e d  and con t ro l  r a t s .
b) Hormone-Sensit ive Lipase
Enzyme e x t r a c t  from f a t  . t i s su e  was prepared accord ing  to  the  method 
o f  Huttenen and S te inbe rg  (164) and sumnarized as fo l lows:
Rats epididymal f a t  pads were incubated in KRP b u f f e r  pH 7 .4  
con ta in in g  4% BSA (T.5g o f  f a t / 4  ml b u f f e r )  in small f l a s k s  f o r  1 h r .
The f a t  pads were then  homogenised in 10 v o l .  o f  i c e - c o l d  0.25M su c ro se  
con ta in ing  ImM EGTA. The homogenate was then cen t r i fu g e d  f o r  60 min. a t  
30,000 r .p .m .  The c l e a r  f a t  f r e e  s u p e r n a ta n t  was used as a source  o f  
hormone-sens i t ive  l i p a s e .  The p r o t e i n  co n ten t  was de termined .
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Twelve week-old male Zucker f a t t y  and lean r a t s  were examined f o r  
t r i g l y c e r i d e  l i p a s e  a c t i v i t y .  The l i v e r s  o f  these  animals were a l so  
homogenized and s u b c e l l u l a r  f r a c t i o n s  prepared using a s tan d a rd  
d i f f e r e n t i a l  c e n t r i f u g a t i o n  technique as desc r ibed  under Methods (Chapter  2 ) .
Hormone-sens it ive  l i p a s e  a c t i v i t y  in peididymal f a t  pads was a l s o  
i n v e s t i g a t e d  fo r  the  CoCl^- t rea ted  and contro l  r a t s .
The enzymatic assay was performed according to the  method o f  
Huttenen and S te inbe rg  (164):
The assays  were performed in 13 ml g la s s - s to p p e re d  c e n t r i f u g e  tubes  
in  a volume o f  0 .2  ml con ta in ing  0 .8  ymoles t r i o l e i n  (Sigma, 99% p u r e ) ,
4 mg BSA, 15 ymoles NaCl and 10 ymoles sodium phosphate b u f f e r  pH 7 . 0 .
A f te r  s o n ic a t io n  us ing a Biosonik microprobe s o n i c a t o r  f o r  2 min,  the  
r e a c t i o n  was s t a r t e d  by the a d d i t io n  o f  1 -2  mg enzyme p r o t e i n  e x t r a c t .  
Incuba t ion  was a t  30°C fo r  1 h r .  The r e a c t io n  was stopped by the  
a d d i t io n  o f  b u f fe red  cup r ic  s o l u t i o n  (from the  Boehringer  k i t  method) 
followed by chloroform. Reagent blanks were added co n ta in in g  a l l  o f  the  
above r e a g e n t s  b u t  with  no in c u b a t io n .  FFA was then e s t i m a te d .  Blank 
values  were s u b t r a c te d  from t e s t  r e s u l t s .
c) L ipopro te in  Lipase (EC3.1.1 .3 )
L ipopro te in  l i p a s e  was determined on plasma befo re  and a f t e r  hepar in  
a d m in i s t r a t i o n  (blood was c o l l e c t e d  in EDTA tubes)  as well , as on 
epididymal ad ipose  t i s s u e  e x t r a c t s .  Adipose t i s s u e  e x t r a c t s  were p repared  
by the method o f  Schonfeld e t  aj_ (1965) which can be summarized as 
fo l lows:  5g epididymal f a t  was removed and homogenized in  a Po ly t ron  
homogenizer ( s e t  a t  2) in  10 v o l .  o f  n - b u t a n o l . The homogenate was f i l t e r e d  
under suc t io n  and the re s id u e  washed with 20-30 v o l . o f  pe tro leum e t h e r .  
Powders were d r i e d  in a vacuum d e s i c c a t o r  and s to re d  a t  room te m p e ra tu re .
The t i s s u e  powders were e x t r a c t e d  twice with 5mM Tris-HCl b u f f e r  pH 7 .4
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a t  4°C f o r  15 min. and th e  e x t r a c t s  were combined. The s o l u t i o n  was then 
c e n t r i fu g e d  a t  4°C f o r  10 min a t  2000 x g. The s u p e r n a t a n t  was used fo r  
l i p o p r o t e i n  l i p a s e  de termina t ion  inm edia te ly  a f t e r  p r o t e in  e s t i m a t i o n .
Lipopro te in  l i p a s e  was determined by the  m o d i f i e d  method o f  Scho l tz  
_et a1_ (166) .  A mixture o f  0.15g t r i o l  e in  (Sigma g ra d e ,  99% p u r e ) , 0.9ml 
o f  1% BSA, 0 .9  ml o f  1% Tr i ton  X-100, 7 .2  ml o f  Q.2M Tris-HCl b u f f e r  pH 8 .0  
and 3 ml o f  o v e rn ig h t  f a s t e d  r a b b i t  serum, was made and so n ica te d  w i th  a 
Biosonik microprobe s o n ic a to r  f o r  4 min.  The in cu b a t io n  medium con ta ined :
0 .4  ml o f  the  above mixture
0.1 ml o f  plasma o r  adipose  t i s s u e  e x t r a c t  (3-5  mg p r o t e i n ) .
The mix tu re  was incubated a t  37°C f o r  20-30 min and the  r e a c t io n  was 
stopped as f o r  hormone-sens i t ive  l i p a s e .  FFA was determined a t  t[ie 
beginning and end o f  incuba t ion .  Blanks were a l so  s e t  up and were sub­
t r a c t e d  from t e s t  va lues .
Blood f o r  l i p o p r o t e i n  l i p a s e  a c t i v i t y  measurement was c o l l e c t e d  in  
EDTA. S t a t i s t i c a l  a n a ly s i s  was c a r r i e d  o u t  u s ing  th e  Mann-Whitney U - t e s t  
(169) .
4 .3  Resul ts
a) Zucker R a t s :
( i ) Plasma, l i v e r  and t o t a l  body l i p i d s
Table 4.1 shows f a s t i n g  l i p i d  l e v e l s  o f  the  Zucker lean  and f a t t y  
r a t s .  I t  i s  c l e a r l y  demonstrated t h a t  th e  f a t t y  r a t s  a re  h y p e rc h o le s t e r o -  
l aem ic ,  wi th an in c rease  o f  s l i g h t l y  under tw o- fo ld  in t h e i r  plasma 
c h o le s te ro l  l e v e l s .  This hypercho les te ro laem ia  i s  accompanied by gross  
h y p e r t r ig ly ce r id e m ia  where values f o r  plasma t r i g l y c e r i d e s  show abou t  
4 - f o l d  i n c re a se  in the  f a t t y  compared to  th e  lean r a t s .  There was no 
s i g n i f i c a n t  d i f f e r e n c e  in the plasma FFA l e v e l s  between the  two groups .
Table 4.1 Plasma l i p i d  l e v e l s  o f  14 week-old male Zucker f a t t y
and lean  r a t s .  , Animals were f a s t e d  f o r  1 8 h r9 a n a e s th e t i z e d  
and blood was c o l l e c t e d  in hepar in ized  tubes v ia  h e a r t  
punc tu re .  Resul ts  a re  the  mean + SEM of  4 animals in  each 
group.
FFA Choleste ro l T r i g ly c e r i d e s
mmol/I mmol/I mmol/1
Zucker Lean 0.4 + 0.05 1.7 + 0.2 1 .4  + 0.1
Zucker F a t ty 0.5  + 0.04 3.7  + 0 . 4 4 .8  + 1 . 1
Table 4 .2 Liver  weight  and l i p i d  con ten t  o f  14 week-old male 
Zucker f a t t y  and lean  r a t s .  Total  l i p i d  was 
e s t im a ted  on th e  chloroform phase o f  methanol-  
chloroform e x t r a c t  o f  homogenized l i v e r s .  R esu l ts  
a re  the  mean + SEM o f  4 animals in  each group.
Body weight Liver weight g l i v e r / 1 0 0  g 
(g) (9 ) body weight
% L iver  1 i p i d
Zucker Lean 220 + 5 12.4 + 0.5 5.6  + 0 .4 3 .7  + 0 . 6
Zucker F a t ty 410 + 4 22 + 1 .9 5.1 + 0.4 9 .0  + 0.7
Table 4 .3 , Total  body l i p i d  o f  14 week-old male Zucker l e a n  and 
f a t t y  r a t s .  Lipid was e s t im ated  on the  chloroform 
phase o f  the  methanol-chloroform e x t r a c t  o f  d r i e d  and 
minced r a t s .  Resul ts  a re  the  mean + SEM o f  4 animals 
in  each group
Body weight 
(9)
Whole body l i p i d
(g)
% Body l i p i d
Zucker Lean 230 + 7 33.4 + 5 1 4 .5 1
Zucker Fa t ty 410 + 6 173 + 1.5 42.2%
Table 4 .2  shows l i v e r  weight and i t s  l i p i d  c o n te n t  o f  the  Zucker 
f a t t y  and lean  r a t s .  Although the  l i v e r  weight was g r e a t e r  in the  f a t t y  
than the  lean r a t s  when expressed on a weight to  weigh t  b a s i s  the  
s i t u a t i o n  is  r eve rsed  when r e s u l t s  a r e  expressed  in terms o f  l i v e r  
weight/lOOg body w e igh t .  The l i v e r  l i p i d  c o n ten t  showed ove r  a two­
f o ld  in c re a s e  in the  f a t t y  r a t s  compared to  t h e i r  lean  c o n t r o l s .
Table 4 .3  shows t o t a l  body l i p i d  r e s u l t s  o f  the  Zucker lean  and 
f a t t y  an im als .  . Body l i p i d s  were approximate ly  t h r e e  t imes as g r e a t  i n  
th e  f a t t y  as in the  lean  r a t s .
i i )  Hormone-Sensit ive Lipase
Fig .  4.1 shows basal  and s t im u la te d  l e v e l s  o f  ho rm one-sens i t ive  
l i p a s e  in the  epididymal t i s s u e  o f  Zucker lean  and f a t t y  r a t s .  Basal 
a c t i v i t y  o f  t h i s  enzyme i s  n e a r ly  ha lved in the  f a t t y  r a t s  compared to 
the  lean  ones .  To check f o r  the  presence o f  any i n h i b i t o r  o f  t h i s  enzyme 
in  the  f a t t y  r a t  or  an a c t i v a t o r  in th e  lean  r a t  ad ipose  t i s s u e ,  an 
equal amount o f  enzyme p r o t e in  from lean  and f a t t y  r a t s  ad ipose  t i s s u e  
e x t r a c t s  were mixed and the  a c t i v i t y  was de termined.  As can be seen from 
the  r e s u l t s  no such i n h i b i t o r  o r  a c t i v a t o r  was found .  A v a lue  o f  3 .4  mmol/ 
min/mg p r o t e in  was ob ta ined  f o r  the  m ix tu re .  Th is  r e p r e s e n t s  th e  mean o f  
the  a c t i v i t i e s  i n  the  adipose t i s s u e  o f  the  two independent  groups.
Upon s t im u la t io n  with  glucagon the  a c t i v i t y  o f  the  ho rm one-sens i t ive  
l i p a s e  in the  adipose  t i s s u e  o f  the  lean  group in c re a se d  by 51%, whi le  -
a h ighe r  in c rease  o f  100% o f  basa l  a c t i v i t y  was demonstra ted in  the  f a t t y  
r a t s .  I n s u l in  demonstrated i t s  a n t i l i p o l y t i c  a c t i v i t y  by lowering  the  
l e v e l s  o f  hormone-sensi t ive  l i p a s e  a c t i v i t y  in  t h e  lean  r a t s  by 24% o f  
basa l  a c t i v i t y .  However, i t  had no such in f l u e n c e  in  the  f a t t y  group.
When the se  two hormones v/ere combined and added in  equal amounts to the
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Fig. 4.1 Basal and stimulated levels of hormone -
sensitive lipase in epididymal adipose tissue  
of 12 week old male Zucker lean and fatty 
rats.
For basal activity determination, fat pads 
were incubated for 1 hr in KRP buffer pH 7. 5 
containing 4 % BSA, homogenized and 
centrifuged. The enzyme activity was then 
determined on the fat-free supernatant. In the 
hormone-activated experiments, incubation 
for 1 hr in KRP buffer pH 7. 5 containing 4% 
BSA was followed by further 15 min incubation 
after the hormone was added (5jug/ml reaction 
mixture). Fat pads were then treated as above. 
Results are expressed as the mean ±  SEM of 
4 animals in each group. ( □ )  lean rats,
(E3) fatty rats and (K2) lean 4- fatty rats.
r e a c t io n  mix tu re  th e  l i p o l y t i c  a c t i v i t y  was inc reased  by 50% in  the  lean  group 
and by 80% in the  f a t t y  group.
T r ig ly c e r i d e  l i p a s e  d i s t r i b u t i o n  and a c t i v i t y  in the  Zucker le an
and f a t t y  r a t s  a r e  shown in  Fig .  4 . 2 .  The t o t a l  a c t i v i t y  in the  crude
l i v e r  homogenates was lower i n  the  f a t t y  r a t s  than  the  lean  ones .  The 
lean  r a t s  had an a c t i v i t y  o f  22 + 3,  while  the  f a t t y  r a t s  had only  1 3 + 4  
nmol FFA/min/mg p r o t e i n .  This decrease  was a l so  r e f l e c t e d  i n ' a l l  sub- , 
c e l l u l a r  f r a c t i o n s  o f  hepatocy tes  in the  f a t t y  compared to  the  lean 
r a t s ,  p a r t i c u l a r l y  in  the  microsomal and so lu b le  f r a c t i o n s .  The lysosomal 
f r a c t i o n  had the  h ig h e s t  a c t i v i t y  in both groups o f  r a t s .
The term hormone-sens i t ive  l i p a s e  was not used f o r  the  l i v e r  enzyme 
because i t  did no t  show any s t im u la t io n  by glucagon o r  a d re n a l in e  ( r e s u l t s  
not shown). A more general  term " t r i g l y c e r i d e  l i p a s e "  was used i n s t e a d .
f t t )  L ipopro te in  l i p a s e .
Plasma p o s t -h e p a r in  l i p o p r o t e i n  l i p a s e  a c t i v i t y  in the  Zucker lean
and f a t t y  r a t s  a re  shown i n  Table  4 . 4 .  Zucker f a t t y  r a t s  showed more than
a 4 - f o ld  i n c re a se  i n  t o t a l  a c t i v i t y  compared to  the  l e a n .  45% o f  t h i s  
a c t i v i t y  remained a f t e r  t h e  a d d i t i o n  o f  protamine s u lp h a t e  in  both f a t t y  
and lean r a t s .  This shows t h a t  approximate ly  h a l f  o f  the  enzyme a c t i v i t y  
p re s e n t  in  the  plasma a f t e r  hepar in  i s  o f  h e p a t i c  o r i g i n .  Sodium c h lo r id e  
i n h i b i t e d  5.0% o f  the  basa l  a c t i v i t y  in the  lean animals and 66% in  the 
f a t t y  r a t s .  This i n d i c a t e s  t h a t  PHLA o f  e x t r a h e p a t i c  o r i g i n  i s  less,  
r e s i s t a n t  to high c o n ce n t ra t io n s  o f  sodium c h lo r id e  than to  protamine 
s u lp h a t e .
Table 4.5 shows adipose t i s s u e  l i p o p r o t e i n  l i p a s e  a c t i v i t y  in  the  
Zucker lean and f a t t y  r a t s .  F a t ty  r a t s  showed about tw o-fo ld  i n c r e a s e
Total I Mitochondrial I Lysosomal Microsomal; Soluble
Homogenate [ Fraction ! Fraction Fraction | Fraction
.4.2 Triglyceride lipase distribution and activity in 
the liver of 12 week old Zucker lean and fatty 
rats. Livers were homogenized in 10 vol. 
0.25M sucrose + ImM EGT A. Sub cellular 
fractions were collected using a standard 
differential centrifugation technique. The 
enzyme activity was then determined on each 
fraction. Results are the mean ± SEM of 3 rats 
in each group.
(□) lean rats, and (£3) fatty rats.
-  1 0 1 -
Table  4.4  P lasma-post -hepar in  l i p o p r o t e i n  l i p a s e  a c t i v i t y  in  14 weeks 
male Zucker lean and f a t t y  r a t s .  Animals were a n ae s th e t i z e d  
with  Nembutal a f t e r  18hr f a s t .  Heparin was given through 
the  h e a r t  in^a dose o f  200 IU/kg body weigh t .  Ten minutes 
l a t e r  blood was c o l l e c t e d  in  EDTA tu b e s .  Lipopro te in  
l i p a s e  a c t i v i t y  was dete rmined. A c t i v i t y  i s  repor ted  as 
nmol. FFA re leased /ml  plasma/min. R esu l ts  a r e  the  mean +
SEM o f  6 animals in each group.
Basal a c t i v i t y  + 2 mg/ml Protamine
Sulphate
+ 0.5M 
NaCl
Zucker le an 178 + 14 79 + 12 89 + 14
Zucker f a t t y 757 + 50 344 + 2 3 502 + 45
p f o r  a l l  r e s u l t s <0 .001
Table  4 .5 Adipose t i s s u e  l i p o p r o t e i n  l i p a s e  a c t i v i t y  in  14 weeks o ld  
male Zucker lean  a n d ’f a t t y  r a t s .  N-Butanol e x t r a c t s  were
prepared from epididymal f a t  pads.  A f t e r  e x t r a c t i o n  in
5 mM Tris-HCl b u f f e r  l i p o p r o t e i n  l i p a s e  a c t i v i t y  was
determined. A c t iv i t y  i s  rep o r ted  as nmol FFA re le a s e d /m in /
mg p r o t e i n .  Result s  a re the  mean + SEM o f  4 animals in
each group.
Basal a c t i v i t y + 2 mg/ml Protamine + 0 .5 M 
Sulphate  NaCl
Zucker lean 1 . 1 6 + 0 . 0 0 5 0.27 + 0.06 0.42 + 0.03
Zucker f a t t y 2.1 + .0 .07 0.33 + 0.04 0.5  + 0.03
p f o r  a l l  r e s u l t s  <0.05
i n  l i p o p r o t e i n  l i p a s e  a c t i v i t y .  23% o f  t h i s  a c t i v i t y  remained a f t e r  the  
a d d i t i o n  o f  protamine su lpha te  in  th e  lean  r a t s  and 15% in  th e  f a t t y  r a t s .  
Upon a d d i t i o n  o f  0.5M NaCl 36% in th e  l e a n  and 23% in  th e  f a t t y  r a t s  
o f  ad ipose  t i s s u e  l i p o p r o t e i n  l i p a s e  a c t i v i t y  remained.
b) CoClo-Treated Rats
Table 4 .6  Plasma l i p i d  l e v e l s  o f  C o C l t r e a t e d  and co n t ro l
r a t s .  Animals were f a s t e d  f o r  18 h r ,  a n a e s t h e t i z e d  
and blood was c o l l e c t e d  v ia  c a r d i a c  p u n c tu re .  R esu l t s  
a r e  the  mean + SEM o f  6 animals in  each group.
FFA 
mmol/I
Choleste ro l
mmol/1
T r i g l y c e r i d e s  
nmol/I
Control 0.56 + 0.1 1.7  + 0 . 3 0.53 + 0.05
CoCl^- t rea ted 0 . 5 5 + 0 . 1 1 . 8 + 0 . 2 5 1.1  + 0 .07
p ns ns < 0 .001
i )  Plasma, l i v e r  and body l i p i d s
Table 4 .6  shows the  plasma l i p i d  l e v e l s  o f  C oC l^ - t rea ted  and co n t ro l  
r a t s .  Plasma FFA and c h o le s t e ro l  showed s i m i l a r  va lues  in  bo th  groups o f  
an imals .  However, the  plasma t r i g l y c e r i d e  va lues  were doubled in  CoCl£-  
t r e a t e d  r a t s  compared to t h e i r  c o n t ro l s  (p < 0 . 0 0 1 ) .
L iver  weights and l i p i d  co n ten t  va lues  o f  C o C l^ - t rea ted  and co n t ro l  
r a t s  a re  shown in  Table 4 . 7 .  There were no s i g n i f i c a n t  changes in  l i v e r  
w e ig h ts ,  t o t a l  l i v e r  l i p i d s ,  l i v e r  c h o l e s t e r o l ,  and l i v e r  FFA in  t h e  two 
groups o f  an imals .  However, th e re  was a s i g n i f i c a n t  d i f f e r e n c e  in  l i v e r
1 0 3  -
Table 4..7 L iver  weight  and l i p i d  con ten t  o f  CoCl^- t rea ted  and
c o n t r o l  r a t s .  Animals were f a s t e d  fo r  18hr.  Lip ids  
were e s t im ated  on the  chloroform phase o f  the  
homogenized l i v e r s  methanol-chloroform e x t r a c t .  
R esu l t s  a re  the  mean + SEM o f  4 animals in  each 
g roup .
Body wt
(g)
Liver wt
(g)
Total
l i v e r
l i p i d
(mg/g)
Total
cho les ­
t e r o l
(mmol/g)
Li ver 
FFA
(mmol/g)
Liver
t r i g l y ­
c e r id e s
(mmol/g)
Control 268+4 12.1+1 20.0+3 0.022+ 0.09+0.01 0.036 +
0.007 0.002
CoCl0- 251+5 12.8+0.8 26.6+4 0.025+ 0.11+0.02 0.056+2
t r e a t e d o .o o l 0.0TJ3
P ns ns ns ns ns < 0.001
Table 4 .  8 . Body Lipids  o f  C o C ^ - t r e a t e d  and contro l  r a t s .  
Animals were f a s t e d  fo r  18hr .  Lipids were e s t im a ted  
on the  chloroform phase o f  th e  methanol-chlo roform 
e x t r a c t  o f  d r i e d  and minced r a t s .  Resu l ts  a re  the  
mean + SEM o f  5 animals in each group.
Body v/t
(g)
Total
body
l i p i d
(g)
Total
body
ch o les -
re ro l
(g)
Total
body
FFA
(g)
Total  body 
t r i g l y ­
c e r id e s
(g)
Control 230+5 20.3+1.2 0.11+0.015 1.9+0.15 18+1.2
CoCl0- 225+6 15.6+1.3 0 . 10+0 .0 1 0 1 . 8+0 .1 2 14+1.0L
t r e a t e d
P ns < 0.01 ns ns < 0 .001
-  -104 -
t r i g l y c e r i d e s  between the  CoCl , ,- treated and the con t ro l  an imals .  Liver  
t r i g l y c e r i d e s  in th e  CoCl^- t rea ted  group showed a s i g n i f i c a n t  e l e v a t i o n  
o f  55% compared to the  lean  p < 0 . 0 1 .
Values f o r  the  t o t a l  body l i p i d  in  C o C ^ - t r e a t e d  and contro l  animals 
a re  shown in  Table 4 .8 .  Total  body l i p i d  in  th e  CoCl^- t rea ted  animals 
i s  lowered by 23% compared to t h e i r  c o n t r o l s .  This i s  accompanied by 
a 22% decrease  in  the  t o t a l  body t r i g l y c e r i d e s  (p < 0 .0 0 1 ) ,  in  th e  CoCl^- 
t r e a t e d  r a t s  compared to t h e i r  c o n t r o l s .  However, t o t a l  body c h o le s te ro l  
and FFA were shown to  be the  same in  the  two groups o f  r a t s .  There was 
no s i g n i f i c a n t  d i f f e r e n c e  in  the  body weights  between the  CoCl^- t rea ted  
and contro l  animals .
i *) Hormone-sensit ive  l i p a s e
Table 4 . 9 Basal and s t im u la te d  l e v e l s o f  ho rm one-sens i t ive  
l i p a s e . i n  C o C ^ - t r e a t e d  and c o n t ro l  r a t  ad ipose  
t i s s u e .  Epididymal adipose t i s s u e  was p repared  
and t r e a t e d  as f o r  the  Zucker Rats (p l e a s e  see  
Legend to  F ig .  4 . 4 ) .  R esu l t s  a r e  expressed  as 
the  mean + SEM o f  4 animals in  each group. 
A c t i v i t i e s  a r e  expressed  as n;mol FFA r e l e a s e d /  
min/mg p r o t e i n .
Basal a c t i v i t y f- Glucagon 
£5ug/ml)
+ I n s u l i n  
(5yg/ml)
Control
C o C l t r e a t e d
3.5  + 0.5  
4 .0  + 0.3
6 . 0  + 0 .7
5 .6  + 0 .4
3 .2  + 0 .2
3 .6  + 0 .4
ns ns ns
Table 4 . 9  shows basa l  and s t im u la te d  l e v e l s  o f  ho rm one-sens i t ive  
l i p a s e  in  the  adipose  t i s s u e  o f  CoCl2- t r e a t e d  and con t ro l  r a t s .  Basal 
a c t i v i t y  and hormone a c t i v a t e d  l e v e l s  showed no s i g n i f i c a n t  d i f f e r e n c e  
between the  two groups o f  r a t s .
) L ipop ro te in  l i p a s e
Table 4 .1 0  shows the  plasma p o s t -h e p a r in  l i p o p r o t e i n  l i p a s e  a c t i v i t y .
CoCl^- t rea ted  r a t s  showed a s i g n i f i c a n t  d e c rea se  in  t h i s  a c t i v i t y  
compared to  t h e i r  c o n t r o l s .  32% o f  t h i s  a c t i v i t y  remained a f t e r  th e  
a d d i t i o n  o f  protamine s u lp h a t e  in  th e  con t ro l  and t h e  C oCl^ - t rea ted  r a t s .
Table 4 .10  Plasma p o s t !h ep a r in  l i p o p r o t e i n  l i p a s e  a c t i v i t y  i n
CoCl2“ t r e a t e d  and con tro l  r a t s .  A f t e r  a n a e s t h e s i a  
fo llowing 18hr f a s t ,  hepar in  was g iven  th rough th e  
h e a r t  in  a dose o f  200 IU/kg body w e igh t .  Ten 
minutes l a t e r  blood was c o l l e c t e d  in  EDTA t u b e s .  
Lipopro te in  l i p a s e  a c t i v i t y  was de te rm ined .  A c t i v i t y  
i s  expressed in nmol FFA r e l e a s e d  /  ml plasma/min . 
Resul ts  a r e  the  mean + SEM o f  5 animals in  each g roup .
Basal a c t i v i t y  + 2  mg/ml Protamine + 0.5M NaCl
Sulpha te
Control 250 + 21 80 + 12 43 + 10
CoCl2~ t r e a t e d 190 + 20 60 + 10 35 + 8
P < 0.01 ns ns
Table 4.11 Adipose t i s s u e  l i p o p r o t e i n  l i p a s e  a c t i v i t y  in  CoCl^-
t r e a t e d  and con t ro l  r a t s ,  n-Butanol e x t r a c t s  were 
prepared from epididymal f a t  pads .  A f t e r  e x t r a c t i o n  
in  5mM Tris-HCl b u f f e r ,  l i p o p r o t e i n  l i p a s e  a c t i v i t y  
was de te rmined.  A c t i v i t y  i s  r e p o r te d  as nmol FFA 
released/min/mg p r o t e i n .  R esu l t s  a re  th e  mean + SEM 
o f  5 animals in  each group.
Basal a c t i v i t y + 2 mg/ml Protamine 
Sulphate
+ 0.5M NaCl
Control 3.1 + 0.16 0.74  + 0.1 0.70 + 0 .2
CoCl£ - t r e a t e d 2.5 ^ 0.12 0.70  + 0 .2 0 . 6 8 + 0 .2
P < 0 .01 ns ns
S im i la r  values  (18% o f  plasma p o s t -h e p a r in  l i p o p r o t e i n  l i p a s e  a c t i v i t y  
remained a f t e r  the  a d d i t io n  o f  0.5M NaCl i n  bo th  groups o f  r a t s ) .  From 
the  protamine su lp h a t e  r e s u l t s  near ly  o n e - th i r d  o f  the  t o t a l  a c t i v i t y  
o f  t h i s  enzyme system i s  c o n t r ib u te d  by th e  l i v e r .  This v a lu e  was 
decreased as judged by r e s u l t s  fo l lowing  NaCl i n h i b i t i o n .  Approximately 
o n e - f i f t h  was the  c o n t r ib u t io n  o f  t h e  l i v e r  to  t h i s  enzyme system from the  
NaCl r e s u l t s .  However, the  d i f f e r e n c e  a f t e r  i n h i b i t i o n  by e i t h e r  protamine 
s u lp h a t e  o r  NaCl was found to be s t a t i s t i c a l l y  i n s i g n i f i c a n t  between 
the  two groups o f  an imals .  This i n d i c a t e s  t h a t  l i p o p r o t e i n  l i p a s e  o f  
ad ipose  t i s s u e  o r i g i n  i s  decreased  in  the  CoCl2~ t r e a t e d  r a t s  compared 
to  t h e i r  c o n t r o l s .
Table 4.11 shows the  a c t i v i t y  o f  adipose  t i s s u e  l i p o p r o t e i n  l i p a s e  
a c t i v i t y  in CoCl^- trea ted  and contro l  r a t s .  These r e s u l t s  show t h a t  th e  
a c t i v i t y  o f  t h i s  enzyme i s  s i g n i f i c a n t l y  decreased  (p < 0 . 0 1 ) in  the  
C o C l t r e a t e d  r a t s  compared to t h e i r  c o n t r o l s .
4 . 4  D i s c u s s i o n :
The p re sen t  s e r i e s  o f  s tu d i e s  i n d i c a t e  t h a t  the  Zucker f a t t y  r a t  
i s  a model o f  marked hype rcholes te ro laem ia  and h y p e r t r ig ly ce r id a e m ia  
a s s o c i a t e d  wi th  gross  o b e s i t y .
The hormone-sensi t ive  l i p a s e  i s  nea r ly  halved in the  f a t t y  r a t s  
compared to  the  l e an .  The i n s u l i n  r e s i s t a n c e  s t a t e  o f  t h i s  s t r a i n  
o f  r a t  i s  f u r t h e r  demonst rated by the  lack o f  re sponse  o f  t h i s  enzyme 
to  t h e  a c t io n  o f  exogenous i n s u l i n  ( F i g . 4 . 1 ) .  There appears to be a 
r e c ip ro c a l  r e l a t i o n s h i p  between the  a c t i v i t i e s  o f  horm one-sens i t ive  
l i p a s e  and l i p o p r o t e i n  l i p a s e  as demonst rated by the  p r e s e n t  s tudy .
This i s  in  agreement wi th  previous  pub l ished  s t u d i e s  on r a t  ad ipocyte  
(180) .
Liver  t r i g l y c e r i d e  l i p a s e  i s  s i g n i f i c a n t l y  reduced in  t o t a l  l i v e r  
homogenate as well as a l l  l i v e r  s u b c e l l u l a r  f r a c t i o n s  examined ( F i g . 4 .2 )  
in  th e  f a t t y  r a t  compared to the  l e a n .  Of sp ec ia l  i n t e r e s t  i s  th e  
microsomal and s o lu b le  f r a c t i o n s .  The t r i g l y c e r i d e  l i p a s e  o f  t h e se  
two f r a c t i o n s  are  h igh ly  reduced in th e  f a t t y  r a t  compared with  the  
l e an .  I t  has been shown t h a t  the  t r i g l y c e r i d e  l i p a s e  a c t i v i t y  o f  the se  
two f r a c t i o n s  are  both  i n h i b i t e d  by NaCl and protamine  su lp h a t e  (181) .
I t  i s  p o s s ib l e  t h a t  the  l i v e r  c o n t r ib u t io n  o f  PHLP a c t i v i t y  i s  
o f  two types 1) NaCl and protamine s u lp h a te  s e n s i t i v e  ( s i m i l a r  to  e x t r a -  
h e p a t i c  PHLP) and c o n t r ib u te d  by the  microsomal and s o lu b le  f r a c t i o n s ;
2) NaCl and protamine s u lp h a te  r e s i s t a n t  and c o n t r ib u te d  by the  lysosomal 
f r a c t i o n  as the  mitochondria l  f r a c t i o n  has been shown to  possess  no 
t r i g l y c e r i d e  l i p a s e  a c t i v i t y  (182) .  The mitochondr ia l  a c t i v i t y  o f  t h i s  
enzyme shown in Fig .  4 .2  i s  probably  due to  the  contamination  o f  t h i s  
f r a c t i o n  by o th e r  s u b c e l l u l a r  f r a c t i o n s  (182) .
-  1 0 8  -
As has p re v io u s ly  been shown th e  l i p o p r o t e i n  l i p a s e  in th e  f a t t y  
r a t s  plasma i s  h igh ly  e l e v a t e d  compared to  the  l e a n .  This inc reased  
a c t i v i t y  i s  m o b i l i s ed  probably p a r t l y  from the l i v e r  microsomal and s o lu b le  
f r a c t i o n s  and p a r t l y  from the  e x t r a h e p a t i c  t i s s u e .  This i n c re a se  i s  most 
probably  due to  t h e  c o n s ta n t  h y p e r t r ig ly ce r id a e m ic  s t a t e  p re s e n t  in the  
f a t t y  r a t s .  This d e p le t e s  the  l i v e r  l i p o p r o t e i n  l i p a s e  re se rve  and thus 
the  low a c t i v i t y  o f  t h i s  enzyme i n  the microsomal and s o lu b le  f r a c t i o n s .
The CoCl2" t r e a t e d  r a t  i s  an animal model o f  induced h y p e r t r i g l y c e r id a e m ia .  
The h y p e r t r i g l y c e r id a e m ia  may be governed by the r a t e  o f  t r i g l y c e r i d e  
p ro d u c t io n ,  by th e  r a t e  o f  t r i g l y c e r i d e  removal, o r  b o th .  The p r e s e n t  
s e r i e s  o f  s t u d i e s  i n d i c a t e s  t h a t  the  h y p e r t r ig ly ce r id a e m ia  o f  t h i s  r a t  i s  
due to  a r e d u c t io n  i n  th e  t r i g l y c e r i d e  removal r a t e .  This i s  shown by a) 
reduced p o s t -h e p a r in  l i p o p r o t e i n  l i p a s e  a c t i v i t y ,  b) reduced adipose  t i s s u e  
l i p o p r o t e i n  l i p a s e  a c t i v i t y .
As a d i r e c t  r e s u l t  o f  lower a c t i v i t i e s  o f  l i p o p r o t e i n  l i p a s e  which 
r e g u la te s  the  r a t e  o f  uptake  o f  plasma t r i g l y c e r i d e s  by ad ipose  t i s s u e ,  
t o t a l  body l i p i d  as well  as t o t a l  body t r i g l y c e r i d e s  a r e  s i g n i f i c a n t l y  
reduced in  the  CoCl2“ t r e a t e d  r a t  (Table 4 . 8 ) .
- 1 0 9  -
CHAPTER FIVE
A LONG-TERM STUDY OF PLASMA HORMONE CONCENTRATIONS 
AND COBALT DISTRIBUTION IN THE CoCl--TREATED RATS
C h a p t e r  5
5.1 In t r o d u c t io n
Previous s tu d i e s  on the  e f f e c t  o f  c o b a l t  ch lo r id e  on exper imenta l  
animals were o f  s h o r t  d u ra t io n  ranging from a few hours to  a few days.
This d id  not  al low enough t ime to  a ssess  the  long- term e f f e c t  o f  c o b a l t  
c h lo r id e  t r e a tm e n t  on the se  an im als ,  nor the  c o r r e l a t i o n  between c o b a l t  
c h lo r id e  l e v e l s  and the d u ra t io n  o f  hyper lipaemia  and polycythemia .
In the l a s t  ch ap te r  i t  was shown t h a t  c o b a l t  c h lo r id e  t r e a tm e n t  
o f  th e  r a t  r e s u l t e d  in  an in c re a se  in  l i v e r  t r i g l y c e r i d e  tu rn o v e r  r a t e  
coupled with a decrease  in the  c lea ran ce  o f  plasma t r i g l y c e r i d e s .
In t h i s  c h ap te r  a long-term s tudy  o f  the  e f f e c t  o f  c o b a l t  c h lo r id e  
t r e a tm e n t  oq the  r a t  was c a r r i e d  o u t .  The following s t u d i e s  were 
performed a f t e r  J ,  4,  12 and 15 months o f  c o b a l t  c h lo r id e  t r e a tm e n t  
on the  r a t :
1) I n s u l i n  and glucagon plasma l e v e l s ,
2) Cobal t  l e v e l s  i n  d i f f e r e n t  t i s s u e s  and the i n t r a c e l l u l a r  
d i s t r i b u t i o n  in  the h epa tocy te ,
3) Haemoglobin and packed c e l l  volume (PCV),
4) Plasma l i p i d  l e v e l s ,
5) The in  v i t r o  e f f e c t  o f  cobal tous  ion  on plasma l i p o p r o t e i n  
l i p a s e  a c t i v i t y  compared to  o th e r  d i v a l e n t  c a t i o n s  (Fe++ 
and Zn+* ) i n  Wis tar  Albino r a t s .
5 .2  Methodology
For the  p r e s e n t  long- term s tudy 50 W is tar  Albino r a t s  were t r e a t e d
w i th  CoCl2 as desc r ibed  in  Chapter 2 . Treated  r a t s  and t h e i r  c o n t r o l s
were housed (10  r a t s  to  a cage) and fed ad l ib i t u m  u n t i l  t ime o f  exper iment .
Rats were used f o r  the  p re s e n t  exper iments a f t e r  | ,  4 ,  12,  and 15 months 
o f  1 a s t  CoCl £ i n j e c t i  on.
CoCl2“ t r e a t e d  r a t s  and t h e i r  c o n t ro l s  were f a s t e d  f o r  18hrs .  
Following a n a e s th e s i a  wi th  Nembutal (6  mg/lOOg body weight)  blood 
was withdrawn v ia  c a rd iac  punc tu re .  Blood fo r  hormone l e v e l s  was 
c o l l e c t e d  in to  h ep ar in ized  tubes  con ta in ing  Trasy lo l  (2 ,000 KIU p e r  
ml o f  b lood ) .  Blood f o r  haemato!ogical  s t u d i e s  was c o l l e c t e d  in to  
EDTA tu b e s .  Plasma was used fo r  l i p i d  e s t im a t io n s  a f t e r  blood was 
c o l l e c t e d  i n  hepar in  tu b e s .
Haemoglobin was e s t im a ted  by the  cyanmethaemoglobin method (172) .
D i f f e r e n t  t i s s u e s  were i s o l a t e d  and t h e i r  c o b a l t  c o n t e n t  was 
e s t im a te d .  L iver  s u b c e l l u l a r  f r a c t i o n s  were p repared  by d i f f e r e n t i a l  
c e n t r i f u g a t i o n  techn ique ,  as p re v io u s ly  d e s c r ib e d ,  and t h e i r  Cobal t  
co n ten t  was measured.
The e f f e c t  o f  Co+ + 5 Fe** and Zn++ on p o s t - h e p a r in  l i p o p r o t e i n  
l i p a s e  a c t i v i t y  was measured in plasma c o l l e c t e d  from W is ta r  Albino 
r a t s  fo llowing hepar in  i n j e c t i o n  as de sc r ibed  in  th e  p rev ious  c h a p te r .
S t a t i s t i c a l  a n a ly s i s  was c a r r i e d  o u t  us ing th e  Mann-Whitney U - t e s t  
(169) .
5.3  Result s
1) Plasma i n s u l i n  and glucagon
Table  5.1 Plasma i n s u l i n  l e v e l s  o f  C o C ^ - t r e a t e d  and con t ro l
r a t s  a f t e r  J ,  4 ,  12 and 15 months o f  l a s t  CoCl2 
i n j e c t i o n  in mU/1. Result s  a re  th e  mean + SEM 
o f  4 animals in each group
 _____________|  month 4 months 12 months 15 months
Control  
CoCl 2 
P
26 + 5 37 + 6 40 + 10 50 + 8
23 + 4 39 + 5 42 + 10 . 58 + 10
ns ns ns ns
Table  5.1 shows plasma i n s u l i n  l e v e l s  in  CoCl^ - t rea ted  and con t ro l  
r a t s .  No s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e  was seen between 
the  two groups o f  r a t s  a f t e r  4 ,  12 and 15 months o f  l a s t  CoCl^
t re a tm e n t  in  the  plasma i n s u l i n  l e v e l s .  However, t h e r e  was an i n c r e a s e
in  th e  ab so lu t e  l e v e l s  w i th  in c reas in g  age in  both groups o f  r a t s  i n  th e  
plasma i n s u l i n .
Table 5 .2  Plasma glucagon l e v e l s  o f  C o C l t r e a t e d  and
con t ro l  r a t s  a f t e r  4 ,  12 and 15 months o f  
l a s t  CoCl2 i n j e c t i o n  in  ng /1 . R esu l t s  a re
the  mean + SEM o f  4 animals in  each group.
\  month 4 months 12 months 15 months
Control 30 + 5 40 + 6 50 + 10 6 1 + 8
CoCl 2“* t r e a t e d 2 7 + 4 43 + 7 47*;+ 9 60 + 9
P ns ns ns ns
Table 5.2  shows the  plasma glucagon l e v e l s  o f  C o C l ^ t r e a t e d  and 
con t ro l  r a t s .  As f o r  i n s u l i n  glucagon showed no s t a t i s t i c a l l y  s i g n i f i c a n t  
d i f f e r e n c e  in  both groups o f  r a t s  a f t e r  the  fo u r  pe r iods  examined o f
CoCl^ t r e a tm e n t .  Once again as f o r  i n s u l i n  glucagon seemed to  in c r e a s e
with  i n c re a se  in  age in  th e  C o C l ^ t r e a t e d  and con t ro l  r a t s .
i i )  Haemoglobin PCV
Table 5.3  Blood haemoglobin and PCV values  o f  CoCl^- t rea ted
and con tro l  r a t s  a f t e r  J ,  4 ,  12 and 15 months o f  
l a s t  C o C l i n j e c t i o n .  R esu l ts  a r e  th e  mean + SEM 
o f  5 animals in  each group o f  r a t s .  Haemoglobin i s
expressed as g/100 ml blood and PCV as % o f  whole blood*
I month 4 months 12 months 15 months
Hb PCV Hb PCV Hb PCV Hb PCV
Control 13.2 41+1 12.7 35+1 12.7 35+1 12 .2  34+1 .1
+0.8 +0.5 +0.6 +0.9
Table 5 .3  show blood haemoglobin and PCV va lues  f o r  CoCl^- t rea ted  
and control  r a t s  a f t e r  | ,  4 ,  12 and 15 months o f  l a s t  C o C l^ - in je c t io n .
As shown in  t h i s  t a b l e ,  Hb and PCV l e v e l s  were s i g n i f i c a n t l y  in c reased  
a f t e r  14 days o f  c o b a l t  ch lo r id e  t r e a tm e n t .  However, the  values  
re tu rned  to  normal l e v e l s  a f t e r  4 months o f  l a s t  CoC^ i n j e c t i o n  and 
remained so u n t i l  the  l a s t  exper iment i . e .  a f t e r  15 months o f  CoCl^ 
t r e a tm e n t .
i i i ) Plasma 1ip id s
Fig .  5.1 shows plasma FFA, c h o le s t e r o l  and t r i g l y c e r i d e  l e v e l s  in  
C o C l^ - t r e a te d  and con tro l  r a t s .  There was no s i g n i f i c a n t  d i f f e r e n c e  
between the  two groups in e i t h e r  FFA o r  c h o le s t e r o l  l e v e l s  a f t e r  4 ,
12 and 15 months o f  l a s t  CoC^ i n j e c t i o n .  However, va lues  fo r  both FFA 
and c h o le s t e r o l  inc reased  with  age in  both  groups .  Plasma t r i g l y c e r i d e  
l e v e l s  showed a s i g n i f i c a n t  in c re a s e  in  th e  C o C l ^ t r e a t e d  r a t s  compared 
to  t h e i r  r e s p e c t i v e  c o n t ro l s  a f t e r  | ,  4 and 12 months o f  l a s t  CoC^ 
i n j e c t i o n .  The d i f f e r e n c e  in the  increment decreased  w i th  t im e .  A f te r  
15 months o f  l a s t  CoC^ t re a tm en t  t h i s  increment had no s t a t i s t i c a l  
s i g n i f i c a n c e .
iv) Cobal t  t i s s u e  d i s t r i b u t i o n
Table 5 .4  shows c o b a l t  c o n c e n t r a t io n  o f  d i f f e r e n t  t i s s u e s  o f
CoCl2 - t r e e t e d  r a t s  and c o n t r o l s .  The l i v e r  appeared to  have t h e  h i g h e s t
c o n ce n t r a t io n  o f  t h i s  metal followed by th e  kidney,  p an c rea s ,  b r a i n  and
muscle in  t h a t  o rd e r  a f t e r  15 days o f  l a s t  CoCl2 t r e a tm e n t .  A f t e r  4 months
o f  l a s t  t re a tm en t  the  kidney appeared to have the  h ig h e s t  c o n c e n t r a t i o n
*
o f  c o b a l t  followed by the l i v e r .  This may g ive  an i n d i c a t i o n  o f  the  
c o b a l t  e x c r e t io n  r o u t e .  However, a f t e r  12 months o f  l a s t  t r e a tm e n t  t h e  
l i v e r  was the  s i t e  f o r  th e  h ig h e s t  c o b a l t  c o n c e n t r a t io n  fol lowed by t h e  
pancreas then the  kidney. Af te r  15 months o f  l a s t  t r e a tm e n t  th e  c o b a l t
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c o n ce n t r a t io n  remained the  same in  th e  l i v e r  and pan c rea s .  A f te r  15 
months o f  l a s t  t r e a tm en t  b ra in  and muscle appeared to be f r e e  o f  t h i s  
m e ta l .  However, l i v e r ,  kidney and pancreas a f t e r  the  same per iod  had 
h ighe r  con cen t ra t io n s  o f  c o b a l t  compared with  the con t ro l  r a t s .  Of 
sp ec ia l  i n t e r e s t  i s  the  comparatively  high c o n ce n t r a t io n  o f  t h i s  metal 
in the  pancreas  o f  the  t r e a t e d  r a t s  even a f t e r  15 months o f  l a s t  
t r e a tm e n t .
I t  i s  p o s s ib l e  t h a t  t h e re  i s  some c o r r e l a t i o n  between h e p a t i c  c o b a l t  
c o n ce n t ra t io n s  and plasma t r i g l y c e r i d e  l e v e l s ,  b u t  t h i s  could  not be 
e s t a b l i s h e d  in the  p re s e n t  s e r i e s  o f  exper im ents .  Plasma t r i g l y c e r i d e  
l e v e l s  reached a maximum level o f  1.2  j v  0.2  nmol/1 a f t e r  15 days o f  
l a s t  CoCl^ i n j e c t i o n  when co b a l t  con cen t ra t io n s  were a t  a maximum leve l  
o f  111 'yg/g  l i v e r .  A f te r  a 4 months laps  plasma t r i g l y c e r i d e s  had dropped 
from 1 . 2  + 0 . 2  to  0 . 8 8  + 0 .1  and c o b a l t  c o n ce n t ra t io n  in the  l i v e r  had 
dropped to 0.13 yg/g l i v e r .  A f te r  12 months t h e r e  was a f u r t h e r  drop i n  
th e  plasma t r i g l y c e r i d e s  to  0 . 8  + 0.1  mmol/1  which was accompanied by a 
f u r t h e r  drop in h e p a t i c  c o b a l t  c o n cen t ra t io n  to  0 .08  ug/g l i v e r .  A f te r  
15 months nea r ly  a l l  the  c o b a l t  had been c l e a re d  from the  l i v e r .  This was 
accompanied by a r e t u r n  to  "normal" values  o f  plasma t r i g l y c e r i d e s  
co n cen t ra t io n  in the  CoCl^-t rea ted  r a t s  as compared to  t h e i r  c o n t r o l s .
Fig .  5.2 shows the  i n t r a c e l l u l a r  d i s t r i b u t i o n  o f  c o b a l t  in  the  l i v e r .
As shown t h i s  c a t io n  seemed to  be d i s t r i b u t e d  in a l l  s u b c e l l u l a r  f r a c t i o n s  
examined. The mitochondria l  f r a c t i o n  con ta ined  th e  h ig h e s t  leve l  o f  c o b a l t  
followed by the nuc lea r  and microsomal f r a c t i o n s .  The lysosomal and cy toso l  
f r a c t i o n s  appeared to conta in  the  lowest  l e v e l s  o f  t h i s  m e ta l .
v) Heavy metal ions e f f e c t  on l i p o p r o t e i n  l i p a s e  a c t i v i t y
To eva lua te  the  in v i t r o  e f f e c t  o f  c o b a l t  and o th e r  metal ions on the  
a c t i v i t y  o f  l i p o p r o t e i n  l i p a s e ,  p o s t -h e p a r in  plasma was incubated  with
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Fig. 5.2 Intracellular distribution of Cobalt in 
the Liver
Subcellular fractions were prepared by 
differential centrifugation technique and 
cobalt was estimated by atomic absorption 
method. Results are the mean ± SEM of 
4 rats after 15 days of last CoCl2 injection.
CoCl^, FeCl^ and ZnCl^ and l i p o p r o t e i n  l i p a s e  a c t i v i t y  was de te rm ined .
R esu l t s  a r e  shown in F ig .  5 .3 .  As shown, a l l  t h r e e  m e ta l s  had some
e f f e c t  on p o s t -h e p a r in  l i p o p r o t e i n  l i p a s e  a c t i v i t y .  They a l l  reduced
++t h i s  a c t i v i t y  by vary ing degreees .  Zn had the  h i g h e s t  e f f e c t  in  
reducing l i p o p r o t e i n  l i p a s e  a c t i v i t y  followed by Co++ and Fe**.
5 .4  Discussion
S tud ies  c a r r i e d  o u t  in  t h i s  c h ap te r  demonstrate  no s i g n i f i c a n t  
d i f f e r e n c e  in e i t h e r  i n s u l i n  o r  glucagon l e v e l s  in the  C o C ^ - t r e a t e d  
r a t s  compared to t h e i r  c o n t r o l s ,  fo llowing CoCl^ t r e a tm e n t  a f t e r  pe r iods  
examined (Table 5.1 and 5 . 2 ) .  However, t h e re  i s  an i n c r e a s e  in the  
level  o f  both hormones with  i n c re a s e  in age.
Cobal t  i s  taken up by a l l  t i s s u e s  examined with  the  h i g h e s t  l e v e l s  
being taken up by the  l i v e r .  I n t r a c e l l u l a r  d i s t r i b u t i o n  o f  th e  c o b a l t  
ion in the  l i v e r  show t h a t  t h i s  metal  i s  d i s t r i b u t e d  th roughou t  the  
s u b c e l l u l a r  f r a c t i o n s  examined. Highes t  l e v e l s  are  seen in  th e  m i to ­
chondr ia l  f r a c t i o n .
The two main f e a tu r e s  o f  c o b a l t  t r e a t m e n t a r e  polycythemia and hy p e r t r i - i  
g ly ce r id aem ia .  The polycythemia appears to  be o f  s h o r t e r  d u r a t i o n ,  l a s t i n g  
probably  up to  2 months following ch ron ic  CoC^ t r e a tm e n t .  The hyper-  
t r i g l y c e r i d a e m i a  on the o th e r  hand i s  o f  much longe r  d u r a t i o n ,  l a s t i n g  up to  
one y e a r .  There seems to be some c o r r e l a t i o n  between th e  d u r a t i o n  o f  
h y p e r t r ig ly ce r id a e m ia  and the  presence  o f  c o b a l t  ion p a r t i c u l a r l y  in  the  
l i v e r .
In v i t r o  c o b a l t  as well as i ron  and z in c  can i n h i b i t  l i p o p r o t e i n  
l i p a s e  a c t i v i t y .  This sugges t  non-compet i t ive  i n h i b i t i o n ,  the  type g e n e r a l l y  
recogn ised  with -SH g roup-conta in ing  enzymes. However, t h i s  i n h i b i t i o n  can 
only be d e tec ted  a t  high metal c o n c e n t r a t io n  in the  enzyme in c u b a t io n  
m ix ture .  This w i l l  be f u r t h e r  d i s cu s sed  in con ju n c t io n  w i th  r e s u l t s  from 
previous  s t u d i e s  in t h i s  t h e s i s  in  Chapter 8 .
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Fig. 5.3 Effect of Heavy Metal Ions on Post-Heparin 
Lipoprotein Lipase Activity.
Post-heparin plasma was obtained from 3 W/A 
rats after 200 I'Ll heparin/kg bodyweight. Plasma 
were pooled and incubated at room temperature 
with ZnCl2 (®), CoCl2 (a) and FeCl2 (A) in 
concentrations shown. Lipoprotein lipase 
activity was then determined. Results are the 
mean of 3 determinations for each point shown.
CH AP T ER S I X
INSULIN AND GLUCAGON LIVER AND ADIPOSE TISSUE RECEPTOR- 
INTERACTION IN THE'ZUCKER AND CoCl^-TREATED RATS
_ ICl  _
6 . 1  I n t r o d u c t i o n :
In r e c e n t  yea r s  i t  has become in c r e a s in g ly  a p p a r en t  t h a t  c e r t a i n  
c l i n i c a l  d i s o r d e r s  and metabo l ic  s t a t e s  a r e  a s s o c i a t e d  w i th  i n s u l i n  
r e s i s t a n c e .  Generally ,  i n s u l i n  r e s i s t a n t  s t a t e s  a r e  c h a r a c t e r i z e d  by 
an in c re a se  in  basal  l e v e l s  of  c i r c u l a t i n g  i n s u l i n ,  e x ce s s iv e  plasma i n s u l i n  
responses  to  i n s u l i n  s e c r e t o r y  s t im u l i  and reduced e f f e c t i v e n e s s  o f  
endogenous and exogenous i n s u l i n  both in vivo and i n  v i t r o . Glucose 
i n to l e r a n c e  may o r  may no t  be p r e s e n t .  The Zucker f a t t y  r a t ,  as has 
been shown e a r l i e r  (Chapters 1 and 3) i s  a good example o f  an i n s u l i n  
r e s i s t a n t  an im a l .
The r e c e n t  demonstra t ions  t h a t  i n s u l i n  i n i t i a t e s  i t s  e f f e c t s  by 
i n t e r a c t i n g  with  " s p e c i f i c "  s i t e s  loca ted  on the  plasma membrane o f  
hormone-sensi t ive  t i s s u e  (Chapter 1) has provided th e  i n v e s t i g a t i v e  
t o o l s  f o r  exp lor ing  the  p o s s i b i l i t y  t h a t  a l t e r e d  i n s u l i n - r e c e p t o r  i n t e r ­
a c t i o n  i s  r e sp o n s ib le  f o r  hormone r e s i s t a n c e .  This was made p o s s ib l e  by 
the  s p e c i f i c  i n s u l i n  binding systems developed wi th  monoiodinated i n s u l i n  
and p u r i f i e d  plasma membranes o f  t a r g e t  c e l l s  (Chapter  2 ) ,  which enabled 
the  d i r e c t  s tudy o f  i n s u l i n - r e c e p t o r ; i n t e r a c t i o n  in  p a th o lo g ic a l  s t a t e s  
o f  a l t e r e d  s e n s i t i v i t y  to  i n s u l i n .  The same could a l s o  be a p p l i e d  to  
glucagon r e s i s t a n c e  s t u d i e s .
Decreased i n s u l i n  r e c ep to r s  in i n s u l i n - r e s i s t a n t  s t a t e s  have been 
reviewed in Chapter 1. The aim o f  t h i s  Chapter i s  to  i n v e s t i g a t e  the  
p o s s i b i l i t y  o f  decreased i n s u l i n  r e c ep to r s  in  t h e  l i v e r  and ad ipose  
t i s s u e  o f  the  Zucker f a t t y  r a t  being r e s p o n s ib le  f o r  i t s  i n s u l i n  
r e s i s t a n t  s t a t e  and to  i n v e s t i g a t e  the  r o l e  o f  the  l i v e r  and adipose  
t i s s u e  recep to r s  in  the  g l u c a g o n - r e s i s t a n t  hypo thes i s  sugges ted  ( 6 6 , 67) 
f o r  the  hyp e r t r ig ly ce r id aem ia  o f  the  Zucker f a t t y  and t h e  C oC lg - t rea ted  
r a t s .
6 . 2  M e t h o d o l o g y
Twelve week-old g e n e t i c a l l y  f a t  ( f a / f a )  male Zucker r a t s  and 
t h e i r  le an  l i t t e r m a t e s  were used f o r  the  p re s e n t  s tudy .  Animals had 
access  to  food and water up to  the  t ime the  exper iment began. Animals 
were s a c r i f i c e d  by ce rv ica l  d i s l o c a t i o n  and l i v e r s  and epididymaT f a t  
pads were c o l l e c t e d .  P u r i f i e d  plasma membranes o f  l i v e r  and adipose  
t i s s u e  were p repa red .
Mg++- s t i m u l a t e d  ATPase (EC 3 . 6 . 1 . 3 ) ,  5 ' -mononucleot idase  (EC 3 . 1 . 3 . 5 )  
and adeny la te  cyc la se  (EC 4 . 6 . 1 . 1 . )  on the  p u r i f i e d  plasma membranes were 
dete rmined.
125Iod ina ted  monocomponent I - l a b e l l e d  glucagon and i n s u l i n  were
prepared and i n s u l i n  and g lucagon- recep to r  i n t e r a c t i o n  s t u d i e s  were
c a r r i e d  o u t .  Non-spec if ic  binding (NSB) tubes  ( t h e  pe rcen tage  o f  
125 I - r a d i o a c t i v i t y  bound to  membrane p e l l e t s  in th e  p resence  o f  50i_ig 
o f  u n lab e l led  i n s u l i n  and glucagon) were inc luded f o r  each t e s t .  The 
NSB va lues  were s u b s t r a c t e d  from each o f  the  t e s t  r e s u l t s .  All t e s t s  were 
c a r r i e d  o u t  in d u p l i c a t e .  Methods a re  de sc r ibed  in  d e t a i l  in  Chapter 2 .
The i n s u l i n  and glucagon degrada t ion  and i n a c t i v a t i o n  by plasma 
membranes during a 30 min. in cubat ion  a t  30°C was determined by the  
lo s s  o f  b inding  o f  l a b e l l e d  hormones p re incubated  wi th  membranes to  f r e s h  
membranes as desc r ibed  by Freychet e t  al_ Cl70 ) .
CoCl2“ t r e a t e d  r a t s  and t h e i r  c o n t ro l s  were s i m i l a r l y  i n v e s t i g a t e d .  
S t a t i s t i c a l  analyses  were c a r r i e d  o u t  us ing th e  Mann-Whitney U - t e s t  
0 6 9 ) .
6 . 3 .  R e s u l t s :
a) Zucker r a t  i )  Yield and l i v e r  plasma membrane marker enzymes. 
The plasma membrane y i e l d  and a c t i v i t i e s  o f  the  membrane bound enzymes:
■f’4’5 ' -mononuc leo t idase ,  Mg - s t i m u l a t e d  ATPase and adeny la te  cy c la se  basal  
and s t im u la te d  l e v e l s  were s i m i l a r  f o r  l i v e r  c e l l  membranes prepared 
f o r  lean  and f a t t y  r a t s  a s  shown in Table 6 .1 .
i i )  I n s u l i n - r e c e p t o r  i n t e r a c t i o n  w i th  l i v e r  plasma membranes
Table 6 .2  Apparent a f f i n i t y  cons tan ts  and binding c a p a c i t i e s
f o r  the  i n s u l i n  r e c ep to r  on l i v e r  plasma membranes 
from Zucker le an  and f a t t y  r a t s .  S i t e  1 i s  the  high 
a f f i n i t y ,  low c a p a c i ty  s i t e ;  s i t e  2 i s  the  low a f f i n i t y  
high cap a c i ty  s i t e .  The c o n t r ib u t io n  o f  low a f f i n i t y  
b ind ing  s i t e  was s u b s t r a c te d  from the  r e s u l t s  o f  the  high 
a f f i n i t y  b inding  s i t e  as desc r ibed  by Olefsky e t  al (173) .  
R esu l t s  were c a l c u l a t e d  from Fig.  6 .2 .
Maximum binding capac i ty  
pmol- insulin /mg membrane 
p ro te in
Apparent a f f i n i t y  c o n s t a n t  
L/M" 1
S i t e  1 S i t e  2 S i t e  1 S i t e  2
Zucker lean 3 .4 32 1.7 x 108 1.9  x 107
Zucker f a t t y 1 . 2 10 1.5 x 108 2 . 6  x 107
1 25
S p e c i f i c  b in d in g  o f  1 I - i n s u l i n  to l i v e r  plasma membranes from lean
and f a t t y  r a t s  and i t s  d isp lacement  by u n la b e l l ed  i n s u l i n  i s  shown in
125
Fig .  6 .1 .  Maximum binding  o f  I - i n s u l i n  by l i v e r  c e l l  membranes from 
f a t t y  r a t s  was on ly  46% o f  t h a t  ob ta ined  with s i m i l a r l y  prepared membranes 
from l i v e r s  o f  t h e  lean  r a t s .
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Fig. 6.1 Specific binding of 25I-insulin (75 pg/ml) to partially 
purified liver plasma membranes from lean (®) and 
fatty (a) Zucker rats and displacement by unlabelled 
insulin . NSB for lean rats was 5% and for fatty rats 
4. 5% which were subtracted , from their respective 
results shown. Results are the mean ± SEM of 4 
animals in each group.
Resul ts  from Fig .  6.1 were analysed by Scatchard  a n a l y s i s  (174)
in  F ig .  6 .2  and c a l c u l a t e d  apparen t  a f f i n i t y  co n s ta n ts  and binding 
c a p a c i t i e s  fo r  the  i n s u l i n  r e c e p to r  o f  the  Zucker r a t  l i v e r  plasma 
membranes a re  shown in  Table 6 .2 .
Sca tchard  a n a ly s i s  o f  i n s u l i n  r e c e p to r  b inding shown in  F i g . 6 .2 
i n d i c a t e s  the  complexity and h e te ro g en e i ty  of  the  i n s u l i n  r e c ep to r s  on l i v e r  
membranes. For comparative purposes these  r e c e p to r s  can be looked upon 
as c o n s i s t i n g  o f  two d i f f e r e n t  types ;  a high a f f i n i t y ,  low c a p a c i ty  s i t e  
( s i t e  1) and another  o f  low a f f i n i t y ,  high c a p a c i ty  ( s i t e  2 ) .  The d a ta  
revea led  a marked re d u c t io n  in  the maximum binding c a p a c i ty  o f  l i v e r  
plasma membranes ob ta ined  from th e  Zucker f a t t y  r a t s  compared to  those  from 
the lean  p a r t i c u l a r l y  in s i t e  2.  However, th e  red u c t io n  in  s i t e  2 appears  
to be s l i g h t l y  compensated fo r  by h ighe r  a f f i n i t y  o f  the  r e c e p to r  to  i n s u l i n  
in  the  f a t t y  animals compared.to the  l e an .
i i i )  G lucagon-receptor  i n t e r a c t i o n  with  l i v e r  plasma membranes
125
S p e c i f i c  binding o f  I-g lucagon to  l i v e r  plasma membranes from 
lean and f a t t y  r a t s  and i t s  d isp lacement by u n la b e l l ed  glucagon i s  shown
1 p r
in F ig .  6 .3 .  As can be seen maximum binding  o f  I-g lucagon by l i v e r
c e l l  membranes ob ta ined  from lean  and f a t t y  r a t s  were s i m i l a r  in  both 
groups o f  r a t s .
Due to  the  over lapp ing  o f  exper imental  va lues  in F i g . 6 .3 one 
Sca tchard  p l o t  s u f f i c e d  to  r e p r e s e n t  the  two groups o f  a n im a l s .  This  
i s  shown in F i g . 6 . 4 ,  the  c a lc u la t e d  apparen t  a f f i n i t y  co n s ta n ts  and 
maximum binding c a p a c i t i e s  fo r  the  glucagon l i v e r  r e c e p to r  a r e  shown 
in Table 6 .3 .
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Fig. 6. 2 Scatchard plot of the data in Fig. 6 .1 . The apparent 
affinity constant of the high affinity site is  obtained 
from the slope of the straight line at low insulin 
levels after correction for the contribution of the 
low affinity site at higher insulin concentrations.
The apparent affinity constant of the low affinity site  
is obtained from the slope of the straight line at 
higher insulin concentrations. The maximum binding 
capacities were calculated from the intercepts of the 
two lines on the horizontal axis after converting the 
value to m ol/l. (®) represent values from lean rats, 
(m) represent values from fatty rats.
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Fig. 6. 3 Specific binding of 125I-glucagon (82 pg/ml) to partially 
purified liver plasma membranes from lean (®) and 
fatty (a) Zucker rats and displacement by unlabelled 
glucagon. NSB for lean rats was 3. 2%nad for fatty rats 
2. 8%which were subtracted . from their respective 
results shown. Results are the mean ± SEM of 4 
animals in each group.
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Fig. 6.4 Scatchard plot of the data in Fig. 6. 2 for glucagon-
receptor interaction in the Zucker lean and fatty rats. 
The apparent affinity constant of the high affinity site  
is obtained from the slope of the straight line at low 
glucagon levels after correction for the contribution of 
the low affinity site at higher glucagon concentrations, 
(dotted line). The apparent affinity constant of the low 
affinity site is obtained from the slope of the straight 
line at higher glucagon concentrations. The maximum 
binding capacities were calculated from the intercepts 
of the two lines on the horizontal axis after converting 
the value to m ol/i.
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Table 6 .3  Apparent a f f i n i t y  cons tan ts  and binding  c a p a c i t i e s  o f  
th e  glucagon r e c e p to r  on l i v e r  plasma membranes from 
Zucker le an  and f a t t y  r a t s .  S i t e  1 i s  the  high a f f i n i t y ,  
low c a p a c i ty  s i t e ;  S i t e  2 i s  the  low a f f i n i t y ,  high 
c a p a c i ty  s i t e .  The c o n t r i b u t io n  0f  th e  low a f f i n i t y  
b inding  s i t e  was s u b t r a c te d  from the r e s u l t s  o f  the  
high a f f i n i t y  b inding  s i t e .  Resu l ts  were c a l c u l a t e d  
from F ig .  6 .4 .
Maximum binding c a p a c i ty  Apparent a f f i n i t y  
pmol/glucagon/mg membrane c o n s ta n t
p r o t e in  L/M-l
S i t e  1 S i t e  2 Si te  1 S i t e  2
Zucker l e an  and 
f a t t y  r a t s 1 0 .6 63 6 . 6  x 108 5.2  x 107
In c o n t r a s t  to  th e  complexity and he te ro g en e i ty  o f  the  i n s u l i n  
r e c e p to r ,  g lu c ag o n - re ce p to r  i n t e r a c t i o n  r e s u l t s  when analysed by a 
Scatchard  p l o t  show two d i s t i n c t  types  o f  r e c e p t o r s .  S i t e  1 r e c e p to r s  
having high a f f i n i t y  and low c a p a c i ty ;  and s i t e  2 re cep to r s  o f  low 
a f f i n i t y  high c a p a c i t y .
iv) Plasma membrane marker enzymes o f  adipose t i s s u e :
Table 6 .4  shows th e  plasma membrane marker enzymes o f  adipose  
t i s s u e  from lean  and f a t t y  r a t s .  There was no s i g n i f i c a n t  d i f f e r e n c e  
between 5 ' -mononucleo t idase ,  Mg++ s t im u la ted  ATPase and adeny la te  cy c la se  
basa l  as well as s t im u la te d  l e v e l s  between the two groups o f  an im a ls .
v) I n s u l in  r e c e p t o r - i n t e r a c t i o n  with  adipose t i s s u e  plasma membrane:
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Table  6.5 Apparent a f f i n i t y  co n s tan ts  and binding c a p a c i t i e s  f o r  the
i n s u l i n  r e c e p to r  on adipose  t i s s u e  plasma membranes from 
Zucker lean  and f a t t y  r a t s .  S i t e  1 i s  the  high a f f i n i t y ,  
low cap ac i ty  s i t e ;  s i t e  2 i s  the  low a f f i n i t y ,  high c a p a c i ty  
s i t e .  The c o n t r ib u t io n  o f  low a f f i n i t y  b inding  s i t e  was 
su b t r a c t e d  from the  r e s u l t s  o f  the  high a f f i n i t y  b ind ing  
s i t e .  Result s  were c a l c u l a t e d  from F i g . 6 . 6 .
Maximum binding capac i ty  
pmol in su l in /m g membrane 
p r o t e i n
Apparent a f f i n i t y  c o n s ta n t  
L/M' 1
. .  S i t e  1 Si t e  2 S i t e  1 S i t e  2
Zucker lean 2 . 6 19 1.9 x 108 2 . 2  x 107
Zucker f a t t y 1 .0 15
COot—XCO 1 . 8  x 1 0 7
125S p e c i f i c  b ind ing  o f  I i n s u l i n  to  ad ipose  t i s s u e  plasma membranes from
lean and f a t t y  r a t s  and i t s  d isp lacement by u n lab e l led  glucagon i s  shown in
125F i g . 6 . 5 .  Maximum binding o f  I - i n s u l i n  by adipose  t i s s u e  plasma membranes 
from f a t t y  r a t s  was only  58% of  t h a t  obta ined with  s i m i l a r l y  prepared 
membranes from ad ipose  t i s s u e  o f  lean r a t s .
Resu l t s  from F i g . 6 .5 were analysed  by Sca tchard  a n a ly s i s  in  F i g . 6 . 6  and 
c a lc u l a t e d  d a ta  a r e  p resen ted  in Table 6 . 5 .
Sca tchard  a n a l y s i s  i n d i c a t e s  a marked reduc t ion  in the maximum b inding  
capac i ty  o f  ad ipose  t i s s u e  plasma membranes ob ta ined  from the Zucker f a t t y  
r a t  compared to  th e  l e an  in both bind ing s i t e s  e x t r a p o la t e d .
V1*) Glucagon-recep tor  i n t e r a c t i o n  with ad ipose  t i s su e -p la sm a  membranes
125F i g . 6 .7 shows the  s p e c i f i c  b inding o f  I -g lucagon to  ad ipose  t i s s u e  
plasma membranes f o r  lean and f a t t y  r a t s  and i t s  d isp lacem ent  by u n l a b e l l e d  
glucagon. No d e t e c t a b l e  d i f f e r e n c e  was ob ta ined  in binding c a p a c i t i e s  by 
adipose  t i s s u e  plasma membrane between the  two groups o f  r a t s .
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125Fig. 6. 5 Specific binding of I-insulin (78 pg/ml) to adipose 
tissue plasma membranes from lean (®) and fatty (®) 
Zucker rats and displacement by unlabelled insulin. 
NSB for lean rats was 2.9% and for fatty rats 3.2% 
which were subtracted from their respective results 
shown. Results are the mean ± SEM of 4 animals in 
each group.
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Fig. 6. 6 Scatchard plot of the data in Fig. 6. 5 
for insulin-receptor interaction in the 
Zucker lean (#) and fatty rats (a) 
adipose tissue plasma membranes. 
Apparent affinity constants and maximum 
binding capacities were calculated as in 
the Legend to Fig. 6. 2.
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X 2 5Fig. 6. 7 Specific binding of I-glucagon (80 pg/m l) to adipose 
tissue plasma membranes from lean (®) and fatty (a) 
Zucker rats and displacement by unlabelled glucagon. 
NSB for both lean and fatty rats was 2f 2% which was 
subtracted from values shown. Results are the mean 
± SEM of 4 animals in each group.
Due to  ove r lapp ing  o f  da ta  in F i g . 6 .7 from the  two groups o f  r a t s ,  
one Sca tchard  p l o t  s u f f i c e d  to  r e p r e s e n t  the  two groups .  This i s  shown 
in F i g . 6 . 8  and the  c a l c u l a t e d  apparen t  a f f i n i t y  c o n s tan ts  and maximum 
binding c a p a c i t i e s  f o r  the  glucagon adipose t i s s u e  r e c ep to r s  a re  shown 
i n  Table 6 . 6 .
Table 6 . 6  Apparent a f f i n i t y  cons tan ts  and b inding c a p a c i t i e s  fo r  the  
glucagon r e c e p to r  on adipose  t i s s u e  plasma membranes from 
Zucker lean  and f a t t y  r a t s .  S i t e  1 i s  the  high a f f i n i t y ,  
low c a p a c i ty  s i t e ,  s i t e  2 i s  the  low a f f i n i t y ,  high 
c a p a c i ty  s i t e .  The c o n t r ib u t io n  o f  the  low a f f i n i t y  binding 
s i t e  was s u b s t r a c t e d  from th e  r e s u l t s  o f  the  high a f f i n i t y  
binding  s i t e .  Resu l t s  are  c a lc u l a t e d  from F i g . 6 . 8
Maximum binding capac i ty  
pmol glucagon/mg membrane 
p r o t e in
Apparent a f f i n i t y  c o n s ta n t  
I./M- 1
S i t e  1 Si t e  2 S i t e  1 S i t e  2
Zucker l e an  ' and 
f a t t y  r a t s 0.43 2 .7 X o
00 5 x 107
Compared to  the  l i v e r ,  the  adipose  t i s s u e  o f  th e  Zucker r a t  bound much 
l e s s  glucagon a t  b o th ,,c a l c u l a t e d ,,s i t e s .  The l i v e r  plasma membranes bound 
25 t imes  more glucagon than  adipose  t i s s u e  plasma.membranes per  mg p r o t e i n  
a t  both s i t e s ,  and in both the Zucker lean and f a t t y  r a t s .  The h ig h e r  b inding  
was accompanied by a g r e a t e r  a f f i n i t y  fo r  the  hormone by l i v e r  r e c ep to r s  
p a r t i c u l a r l y  s i t e  1 , .compared to  the  a f f i n i t y  o f  the  adipose  t i s s u e  r e c e p t o r s .
v i i }  Other p o s s ib l e  causes  o f  r educ t ion  in  binding
In a d d i t io n  to  a t ru e  a l t e r a t i o n  in the  i n s u l i n - r e c e p t o r  i n t e r a c t i o n ,  
two o th e r  major causes o f  an apparen t  reduc t ion  in i n s u l i n  binding  to  the  l i v e r  
and adipose  t i s s u e  plasma membranes in  the  Zucker f a t t y  r a t  were c o n s id e re d .
To e v a lu a te  the  e f f e c t  o f  the  marked in c re a se  in c i r c u l a t i n g  i n s u l i n  l e v e l s  
in  th e  f a t t y  r a t  on i t s  r e c e p to r  binding a group o f  lean  r a t s  were given
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Fig. 6.8 Scatchard plot of the data in Fig. 6. 7 for glucagon-
receptor interaction in the Zucker lean and fatty rats. 
Results extrapolated and calculated as shown in the 
legend of Fig. 6.4.
exogenous i n s u l i n  to  r a i s e  the  c i r c u l a t i n g  i n s u l i n  l e v e l  t o  those  observed 
in  the  f a t t y  r a t s .  3 yg o f  i n s u l i n  was given by d i r e c t  i n j e c t i o n  i n to  the  
h e a r t . t o  lean  r a t s .  This was fol lowed by s a c r i f i c i n g  the  animals a f t e r  
10 min. Liver  and adipose  t i s s u e  plasma membranes were prepared from 
the se  t r e a t e d  animals as well  as f a t t y  u n t r e a t e d  r a t s .  I n s u l i n - r e c e p t o r  
i n t e r a c t i o n  s tudy  was then c a r r i e d  o u t .  Result s  ob ta ined  were s i m i l a r  to  
those  shown in  F i g . 6.1 i . e .  the  r e d u c t io n  in b inding in  the  f a t t y  r a t s  was 
no t  due to high c i r c u l a t i n g  i n s u l i n  l e v e l s .
The second p o s s i b i l i t y  t h a t  the  reduced i n s u l i n  b inding  observed in
the  f a t t y  r a t s  i s  probably due to  in c reased  i n s u l i n  d e g ra d a t io n  was a l so
i
cons ide red .  R esu l t s  a re  shown in  Table 6 .7 .
Table 6.7 In su l in  and glucagon degrada t ion  by the  l i v e r  and ad ipose  
t i s s u e  plasma membranes o f  lean  and f a t t y  Zucker r a t s .  
Degradation was determined by the  lo s s  o f  b inding  expressed  
as pe rcen tage  to  f r e sh  membranes a f t e r  p re in c u b a t io n  wi th  
l i v e r  and adipose  t i s s u e  plasma membranes (0 .33  mg/ml) f o r  
30 min.  a t  30°C. Hormone c o n ce n t ra t io n  was 0.15 mg/ml.
Resu l ts  are  expressed as the  mean + SEM o f  4 animals  i n  each
g ro u p .
In su l in Glucagon
Liver Adipose Tissue Li ve r Adipose Tissue
Zucker lean 43 + 4% 48 + 5% 37 + 5% 43 + 5%
Zucker f a t t y 35 + 4% 42 + 3% 20 + 3% 38 + 5%
D irec t  measurement o f  i n s u l i n  degrada t ion  revea led  t h a t  l i k e  th e  i n s u l i n  
b inding t h i s  was a lso  decreased in the plasma membranes o f  both th e  l i v e r  
and ad ipose  t i s s u e  o f  f a t t y  r a t s .  Glucagon d eg rada t ion  was a l s o  decreased  in  
the  plasma membranes o f  both th e  l i v e r  and adipose  t i s s u e  o f  f a t t y  r a t s  
compared to  the lean  bu t  with no apparen t  r e d u c t io n  in glucagon b ind ing  
to  e i t h e r  plasma membranes as shown e a r l i e r .
v i i i )  CoClp- t r e a t e d  r a t s
1 2 5F i g . 6 .9 shows the  s p e c i f i c  b inding o f  ‘ I - i n s u l i n  t o  l i v e r  and 
adipose  t i s s u e  plasma membranes o f  C o C l ^ t r e a t e d  and con t ro l  r a t s .
There appears  to  be no apparen t  d i f f e r e n c e  in  b inding  o f  i n s u l i n  to  l i v e r  
and adipose  t i s s u e  plasma membranes in  the  two groups o f  an im als .
125F i g . 6 .10 shows th e  s p e c i f i c  binding o f  I -g lucagon to  l i v e r  and 
adipose  t i s s u e  plasma membranes o f  CoCl^- t rea ted  and c o n t ro l  r a t s .  As 
with  i n s u l i n ,  glucagon bind ing to  the se  membranes show no d i f f e r e n c e  
between the  two groups o f  an im als .
6 .4  Discussion:
The d a ta  p resen ted  in t h i s  s e r i e s  o f  s tu d i e s  s u g g es t s  t h a t  in  the  
Zucker f a t t y  r a t  t h e re  i s  an impairment o f  the  i n s u l i n - r e c e p t o r  i n t e r ­
a c t io n  in both the  l i v e r  and adipose  t i s s u e  due to  a d e c r e a se  in  the  
number o f  r e c ep to r s  a t  the  plasma membranes o f  th e se  t i s s u e s ,  compared 
to  the  lean  r a t .  Control  s tu d i e s  sugges t  t h a t  th e  a l t e r a t i o n  i s  no t  due to  
the  high c i r c u l a t i n g  endogenous i n s u l i n  l e v e l s ,  to  an in c re a s e d  d e g ra d a t iv e  
p rocesses  o r  to  some major d i f f e r e n c e  in membrane p u r i f i c a t i o n .
Apart  from the  d i f f e r e n c e  in the  i n s u l i n  r e c e p t o r  p o p u la t io n ,  t h e r e
appears  to  be no d i f f e r e n c e  in the l i v e r  and adipose  t i s s u e  plasma membrane
func t ion  as shown by the  s i m i l a r i t y  o f  the  membrane marker enzymes 5 ‘-mono- 
++n u c le o t id a s e ,  Mg - s t im u la t e d  ATPase and adeny la te  c y c la se  in f a t t y  r a t s  
and t h e i r  lean  c o u n te r p a r t s .
The decrease  in i n s u l i n  r e c e p to r s  in th e se  animals may exp la in  t h e i r  
apparen t  i n s u l i n  r e s i s t a n c e  d iscussed  in Chapter 1. This decrease  i s  much 
s m a l l e r  in  the  f a t t y  ( f a / f a )  r a t  than in  obese (eb/ob) mouse which a l s o  
e x h i b i t s  marked hyperglycaemia.  Liver  and adipose  t i s s u e  c e l l s  i s o l a t e d  
from the  obese mouse bind only  20-25% o f  i n s u l i n  a t  p h y s io lo g ic a l
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Fig. 6.9  Specific binding of 125I-insulin (88 pg/ml) to partially 
purified plasma membranes from liver and adipose 
tissue of CoCl2-treated and control rats and displacement 
by unlabelled insulin.
( # o )  Control rats, ( md ) CoCI2-treated rats.
NSB for liver plasma membranes binding was 6.4% for 
CoCl2-treated and control rats. NSB for adipose tissue 
plasma membranes binding was 3. 5%for treated and 
control rats which were subtracted "from their respective 
values shown. Results are the mean ± SEM of 4 animals 
in each group.
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1 2 5Fig. 6.10 Specific binding of I-glueagon (92 pg/ml) to partially 
purified liver and adipose tissue plasma membranes of 
CoCl2-treated and control rats, and displacement by 
unlabelled glucagon. NSB for liver plasma membranes 
binding was 4% for both group of rats and 3% for adipose 
tissue membranes of both groups of rats which were 
subtracted.. from their respective values shown. Results 
are the mean ± SEM of 4 animals in each group.
(®) Control, (a) CoCl2-treated, (o) CoCl2-treated and 
control rats.
co n ce n t ra t io n s  per  mg o f  membrane p r o t e in  compared to  t h e i r  lean c o n t r o l s  
(30 -34) ,  whi le  the  Zucker f a t t y  r a t  binds 40-50% compared to  t h e i r  lean 
c o n t r o l s .  G rea te r  reduc t ion  in  the i n s u l i n  r e c e p to r s  o f  the  obese mouse 
may c o n t r i b u t e  to  th e  g r e a t e r  hyperglycaemia and low g lucose  t o l e r a n c e  
found in  t h i s  spec ie s  comapred with the  Zucker f a t t y  r a t  in which they 
a re  u s u a l l y  very mild o r  ab sen t .
In c o n t r a s t  to  the  d i f f e r e n c e  in  i n s u l i n  r e c e p t o r s ,  glucagon, l i v e r  and 
adipose  t i s s u e  recep to r s  in the  Zucker f a t t y  r a t  showed no d e t e c t a b l e  
d i f f e r e n c e s  compared to  the l e a n .
The above f in d in g s  in  th e  f a t t y  r a t s  c o n f l i c t  with  a p rev ious  r e p o r t  
(175) t h a t  th e  binding o f  i n s u l in  to  i s o l a t e d  hepatocy tes  was the  same in 
the  c e l l s  ob ta ined  from fed homozygous Zucker f a t t y  r a t s  as t h a t  from t h e i r  
le an  s i b l i n g s .  However, the  same r e p o r t  showed t h a t  th e  s p e c i f i c  b ind ing  
o f  i n s u l i n  was lower in the  f a s t e d  f a t t y  than in  the  f a s t e d  lean  r a t s .
This d isc repancy  may be due to the  use o f  whole l i v e r  c e l l s  as compared 
to i s o l a t e d  l i v e r  plasma membranes employed f o r  t h i s  s tu d y .  This r e p o r t  
was publ ished  a f t e r  the  p re s e n t  s t u d io s  were completed.
The CoCI^-t rea ted r a t s  showed no s i g n i f i c a n t  d i f f e r e n c e  in e i t h e r  
i n s u l i n  or glucogen binding  to  the  l i v e r  and ad ipose  t i s s u e  plasma 
membranes than those  o f  t h e i r  c o n t r o l s .
S i t e - s i t e  i n t e r a c t i o n s :
In the  p r e s e n t  work the i n t e r p r e t a t i o n  o f  Sca tchard  a n a ly s i s  
where c u r v i l i n e a r  p lo t s  were obta ined  depends upon c e r t a i n  assumptions .
One o f  th e se  is  t h a t  s i t e s  e x t r a p a l a t e d  from such curves a c t  independen t ly  
o f  each o t h e r  and thus the  r e c e p to r  i s  assumed to  be u n i v a l e n t .  Recent 
s t u d i e s  have suggested t h a t  f o r  some hormone-receptor i n t e r a c t i o n ,  t h i s  
i s  no t  the  case and t h a t  the r e c ep to r  behaves as a m u l t i s u b u n i t  p r o t e i n
i n  which binding o f  a l igand  to  one s u b u n i t  a l t e r s  th e  a f f i n i t y  o f  
a n o th e r  s u b u n i t  f o r  i t s  l i g a n d .  Since b ind ing  o f  th e  f i r s t  l i g a n d  
reduces  th e  a f f i n i t y  o f  the  r e c e p t o r  f o r  t h e  s u b se q u e n t  l i g a n d s ,  th e  
phenomenon i s  c a l l e d  " n eg a t iv e  c o o p e r a t i v i t y " .
Recently  De Meyts e t  ajL (177, 178) have p r e s e n t e d  ev idence  f o r
s i t e - s i t e  i n t e r a c t i o n s  among i n s u l i n  r e c e p t o r s  e x h i b i t i n g  n e g a t i v e
c o o p e r a t i v i t y .  This e f f e c t  was demonstra ted  by showing t h a t  t h e  r a t e
125o f  d i s s o c i a t i o n  o f  1- i n s u l i n  produced by " i n f i n i t e "  d i l u t i o n  was 
f u r t h e r  in c re a s e d  in  th e  p re sence  o f  u n l a b e l l e d  i n s u l i n  in  t h e  d i l u t i o n  
medium. They have f u r t h e r  sugges ted  t h a t  a l l  r e c e p t o r  sys tems f o r  which 
n o n - l i n e a r  Sca tchard  p l o t s  have been ob ta in ed  a r e  p o t e n t i a l  c a n d id a t e s  
f o r  n e g a t iv e  c o o p e r a t i v i t y  f o r  example glucagon r e c e p t o r s . However,  
such i n t e r p r e t a t i o n s  have been cha l lenged  by C u a t r ec a sa s  e t  al_. (1 7 9 ,  180) 
who have shown t h a t  the  n ega t ive  c o o p e r a t i v i t y  phenomenon was n o t  
a p p l i c a b l e  to glucagon r e c e p to r s  and t h a t  n e g a t i v e  c o o p e r a t i v i t y  shown 
by i n s u l i n  r e c e p to r s  could be due t o  i n s u l i n  d i m e r i z a t i o n  and s e l f ­
a g g re g a t io n  which enhances d i s s o c i a t i o n  i n  v i t r o  by t h e  a d d i t i o n  o f  
u n l a b e l l e d  hormone.
However, leav ing  a s id e  the  i n t e r p r e t a t i o n  o f  such d a t a  t h e  f a c t  s t i l l  
remains  t h a t  i n s u l i n  binding to  l i v e r  and a d ip o se  t i s s u e  o f  t h e  Zucker 
f a t t y  r a t  i s  impaired compared to  the  l e a n  and i t  cou ld  a c c o u n t  f o r  i t s  
i n s u l i n  r e s i s t a n c e .  Consider ing a l l  t h e  a v a i l a b l e  ev idence  f o r  and 
a g a i n s t  th e  s i t e - s i t e  i n t e r a c t i o n s  e x p la n a t io n  o f  S c a tch a rd  . a n a l y s i s  I 
tend  to  favour  t h e  i n t e r p r e t a t i o n  as pu t  forward  in t h e  p r e s e n t  s t u d i e s . ,  
t h a t  i n s u l i n  and glucagon r e c e p to r s  c o n s i s t  o f  m u l t i p l e  s i t e s  o f  d i f f e r e n t  
b ind ing  c a p a c i t i e s  and a f f i n i t i e s .
C H A P T E R  S E V E N
THE EFFECT OF INDUCED HYPERGLUCAGONAEMIA IN THE ZUCKER
FATTY RAT
-  1 4 5  “
7.1 I n t r o d u c t i o n :
Glucagon i s  well  recognized to  have l i p o l y t i c  a c t i v i t y  both in  v ivo 
anc* 20. V1‘ t r o • The'_in v i t r o  a c t i v i t y  i s  r e a d i l y  demonst ra ted in  t i s s u e  
de r ived  from both mammals and b i r d s .  In vivo a c t i v i t y  i s ,  however, more 
d i f f i c u l t  to  demonst ra te  in mammals due to  th e  concomitant s t i m u l a t i o n ,  
by glucagon,  o f  i n s u l i n  s e c r e t i o n ,  where l ip o g e n ic  a c t i o n  more than counter­
ba lances  the  l i p o l y t i c  e f f e c t  of glucagon. N e v e r th e le s s ,  when th e  
i n s u l i n o t r o p i c  e f f e c t  o f  glucagon i s  abo l ished  by prolonged f a s t i n g ,  
glucagon can be shown to  possess  l i p o l y t i c  a c t i v i t y  in man ( 5 7 ) ,  probably 
as in o th e r  spec ie s  through a c t i v a t i o n  o f  adeny la te  c y c l a s e  a c t i v i t y ,  and 
inc reased  product ion  o f  cAMP.
Glucagon has a hypolipaemic (h y p o l ip o p ro te in ae m ic )a c t io n  in man, dog, 
fowl and r a t  (57-61) and when admin is tered  to  hyper l ipaem ic  p a t i e n t s  
whether  f o r  a s h o r t  time (63) o r  fo r  longer  pe r iods  ( 6 2 ) ,  i t  produces a 
moderate to  profound f a l l  in plasma t r i g l y c e r i d e  and c h o l e s t e r o l  l e v e l s .
The hypolipaemic e f f e c t  has o f ten  been a t t r i b u t e d  to r e d u c t io n  in  h e p a t i c  
t r i g l y c e r i d e  ou tpu t  (64) o r  to  decreased apopro te in  s y n t h e s i s  ( 6 5 ) .
In o rd e r  to  f u r t h e r  e l u c i d a t e  the  mechanism o f  the  hypolipaemic  
a c t i o n  o f  glucagon, i t s  s h o r t  and long term e f f e c t s  were s t u d i e d  in the  
p re s e n t  chap te r  in the  Zucker f a t t y  r a t ,  a l so  in  th e  C o C l^ - t r ea ted  r a t .
7 .2  Methodology:
a) S ho r t - te rm  e f f e c t :
A f te r  an ove rn ig h t  f a s t ,  15-week old male Zucker le an  and f a t t y  
animals were an ae s th e t i z e d  with  Nembutal (6  mg/lOOg body weight)  and 
f a s t i n g  blood samples v/ere c o l l e c t e d  v ia  c a r d ia c  p u n c tu re .  Blood samples 
f o r  plasma glucose  were c o l l e c t e d  in small f l u o r i d e  t u b e s .  Plasma
f o r  1 i p i d  e s t im a t io n s  were c o l l e c t e d  in hep a r in ized  t u b e s .  A dose o f  
100 yg glucagon was then given i n t r a p e r i t o n e a l l y . 1 ml blood samples 
were then c o l l e c t e d  a f t e r  10,  30 and 60 min o f  glucagon a d m in i s t r a t i o n s  
v ia  c a r d ia c  p unc tu re .  Plasma,glucose and t r i g l y c e r i d e s  were measured.
The same procedure  was repeated  on CoCl^- t rea ted  and c o n t ro l  r a t s ,
b) Long-term e f f e c t :
Ten-week o ld  g e n e t i c a l l y  f a t t y  male Zucker r a t s  and t h e i r  le an  
c o n t r o l s  were used f o r  t h i s  exper iment .  These animals were t r e a t e d  with  
lo n g -a c t in g  glucagon (z in c  protamine glucagon) .  A dose  o f  50 yg o f  long-  
a c t in g  glucagon was adminis tered  by subcutaneous i n j e c t i o n  i n t o  the  
abdominal reg ion  to  each r a t  twice a day a t  10 a.m. and 3 p.m. f o r  a 
pe r iod  o f  two weeks. The dose o f  glucagon was reduced to  one i n j e c t i o n  
a day f o r  a t h i r d  and f i n a l  week because by the end o f  th e  f i r s t  two 
weeks o f  glucagon t r e a tm e n t ,  the  animals had become l e t h a r g i c  and i n a c t i v e .  
Reduction in the  dosage o f  glucagon was a s s o c ia t e d  with  r e s t o r a t i o n  o f  
f u l l  a c t i v i t y .  Contro ls  were s e t  up f o r  each o f  the  f a t t y  and lean  groups 
o f  exper imental  animals and t r e a t e d  e x a c t ly  the  same as th e  exper im ental  
an im als ,  excep t  t h a t  s a l i n e  was i n j e c t e d  subcu taneous ly  i n s t e a d  of  glucagon*
Twenty-four hours a f t e r  the  l a s t  i n j e c t i o n  th e  animals  were 
a n ae s th e t i z e d  by i . p .  i n j e c t i o n  o f  Nembutal (animals had access  to  food and 
w ater  up to  the  t ime th e  experiment began) .  Blood was c o l l e c t e d  v ia  
c a r d iac  puncture  in to  a 10 ml sy r inge  con ta in ing  T r a s y l o l ,  2 ,000 KlU/ml o f  
blood and added to  a p l a s t i c  po t  con ta in ing  10 IU hepar in/ml o f  blood 
and cen t r i fu g e d  a t  4°C. Aliquots  (0 .5  ml) o f  each plasma sample were 
p i p e t t e d  in to  small o x a l a t e  f l u o r i d e  tubes f o r  g lucose  d e t e r m in a t io n .
The remainder was s to red  a t  -20°C u n t i l  assayed f o r  hormones and 
l i p i d  l e v e l s .
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Rats were then s a c r i f i c e d  by c e rv ica l  d i s l o c a t i o n  and l i v e r s  were 
c o l l e c t e d .  P a r t i a l l y  p u r i f i e d  plasma membranes were p repa red .  Plasma 
membrane marker enzymes were determined as well  as hormone-receptor 
i n t e r a c t i o n  s t u d i e s .  All methods employed a re  shown in d e t a i l  in  
Chapter 2.
7 .3 Resul t s :
a) Zucker r a t s .
i ) Sho r t - te rm  e f f e c t  o f  glucagon:
F i g . 7.1 shows the e f f e c t  o f  a s i n g l e  glucagon dose (100 yg) on the  
plasma g lucose  and t r i g l y c e r i d e  l e v e l s  o f  Zucker l e an  and f a t t y  r a t s .  
A f te r  glucagon was given i n t r a p e r i t o n e a l l y ,  lean  and f a t t y  r a t s  showed 
a r i s e  in  t h e i r  plasma g lucose .  The r i s e  in  the  Zucker f a t t y  r a t s  was 
much more pronounced. This was a l so  t ru e  f o r  the  va lues  a f t e r  30 min.  
Following 60 min. o f  glucagon a d m in i s t r a t i o n  plasma g lucose  values  f o r  
t h e  lean r a t s  re tu rned  to  the f a s t i n g  l e v e l . However, a f t e r  the  same 
p e r io d  the f a t t y  group mainta ined approximate ly  the  same lev e l  of  plasma 
g lucose  as t h a t  a f t e r  30 min.
Following the same dose o f  glucagon the  plasma t r i g l y c e r i d e  l e v e l s  
showed n e g l i g i b l e  decrease  in the  lean  r a t s  a f t e r  10, 30 and 60 min. 
However, th e re  was an ap p rec iab le  drop in  plasma t r i g l y c e r i d e s  in the  
f a t t y  r a t s  a f t e r  th e  same p e r io d s .
i i )  Long-term e f f e c t  o f  glucagon:
Long-term glucagon t rea tm en t  had no e f f e c t  on the  r a t e  o f  w e igh t  
gain  by e i t h e r  the lean  o r  f a t t y  exper imental  animals compared with  
t h e i r  c o n t ro l s  (Table 7 . 1 ) .
Plasma glucose  le v e l s  d id  not d i f f e r  s i g n i f i c a n t l y  in  th e  t r e a t e d  
and contro l  lean  animals .  In the  f a t t y  r a t s  t h e r e  was a s i g n i f i c a n t
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Fig. 7.1 Effect of a single glucagon dose (100 fig) 
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of Zucker lean (®) and fatty (a) rats. 
Results are the mean ±  SEM of 4 animals 
in each group of rats.
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lowering [p < 0 .0 1 ) o f  plasma glucose  as a r e s u l t  o f  chronic  glucagon
t r e a tm e n t ,  b u t  t h i s  may be due to the unexpected high l e v e l s  observed a t
the  commencement o f  the  exper iment ,and was no t  observed in  o t h e r  exper iments  
on f a t t y  r a t .
Plasma i n s u l i n  l e v e l s  were markedly e leva ted  in f a t t y  r a t s  as 
compared with  t h e i r  lean  c o n t r o l s .  Plasma glucagon l e v e l s  were a l so  
e l e v a te d  b u t  to  a l e s s e r  deg ree .  An i n s u l i n o t r o p i c  e f f e c t  o f  glucagon 
was demonst ra ted in  the lean  r a t s  by a t h r e e - f o l d  i n c re a se  in plasipa 
i n s u l i n  c o n ce n t ra t io n  a f t e r  glucagon t r e a tm e n t ,  compared with  the  s a l i n e  
t r e a t e d  c o n t r o l s .  The glucagon t r e a t e d  f a t t y  r a t s  did not show a 
s i g n i f i c a n t  i n c r e a s e  in plasma i n s u l i n  c o n ce n t r a t io n  compared wi th  t h e i r  
c o n t r o l s  in whom plasma i n s u l i n  l e v e l s  were a l ready  very h ig h .  I t  has 
been shown (175) t h a t  sodium p e n to b a r b i t a l  s l i g h t l y  i n h i b i t s  i n s u l i n  
r e l e a s e d  from p a n c r e a t i c  i s l e t s  o f  obese mice in  v i t r o  when incubated  in  
a medium con ta in ing  phys io log ica l  l e v e l s  o f  glucose  and ca lc ium. 
Consequent ly ,  t h e  ab so lu te  values  shown in Table 7.1 and e lsewhere  may 
be an und e re s t im a te  o f  the  co n ce n t ra t io n  in u n anaes the t ized  an im a ls .  
N e v e r th e le s s ,  assuming t h a t  the  a n a e s th e s ia  had the  same e f f e c t  on both 
the  lean and f a t t y  r a t s ,  the  i n s u l i n  l e v e l s  repor ted  in  t h i s  s tudy  a re  
s u i t a b l e  f o r  comparative purposes.
Mean plasma glucagon l e v e l s  were below the  lower l i m i t  o f  a c c u ra t e  
measurement in  t h e  le an  c o n t ro l s  bu t  were measurable  in  the  f a t t y  c o n t r o l s .  
This was e s p e c i a l l y  marked in the  f a t t y  r a t s  in  which terminal plasma 
glucagon l e v e l s  were more than s ix  t imes those  o f  t h e i r  u n t r e a t e d  c o n t r o l s  
and over t h r e e  t imes as high as in the  glucagon t r e a t e d  lean  r a t s .
Chronic a d m in i s t r a t io n  o f  glucagon produced s i g n i f i c a n t  r e d u c t io n s  
in  plasma t r i g l y c e r i d e s  and c h o le s t e ro l  l e v e l s  (Table 7 .2 )  in  both  the  
lean and f a t t y  an imals .  Trea ted lean  r a t s  showed a 42.4% r e d u c t io n  in  
plasma t r i g l y c e r i d e s  compared wi th  t h e i r  c o n t r o l s ;  t r e a t e d  f a t t y  r a t s ,  
on th e  o t h e r  hand, showed only  a 27.2% red u c t io n  d e s p i t e  much h ighe r
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l e v e l s  i n i t i a l l y .  Glucagon t r e a tm e n t  reduced plasma c h o l e s t e r o l  l e v e l s  
more o r  l e s s  eq ua l ly  in  the  lean and f a t t y  r a t s  (2 2  and 25.6% r e s p e c t i v e l y ) . 
Glucagon t r e a tm e n t  inc reased  plasma . FFA l e v e l s  by 41% in the  lean  r a t s  
and reduced them by 7.6% in the  f a t t y  ones.
Values obta ined  f o r  the  plasma membrane marker enzymes, 5'mono- 
n u c leo t id a s e  and Mg++- s t im u la te d  ATPase a re  shown in Table  7 . 3 .  Both 
enzymes demonstrated a s l i g h t ,  bu t  s t a t i s t i c a l l y  n o n - s i g n i f i c a n t ,  i n c re a se  
in a c t i v i t y  a f t e r  glucagon t r e a tm e n t  in both l e a n  and f a t t y  r a t s .
Membrane-bound adenyla te  cy c la se  a c t i v i t i e s  a f t e r  t r e a tm e n t  a re  
shown in F i g . 7 . 2 .  The con tro l  l e an  and f a t t y  r a t s  d id  n o t  d i f f e r  
s i g n i f i c a n t l y  from each o th e r  ( s t a t i s t i c a l  va lues  n o t  shown) . Glucagon 
t r e a tm e n t  produced a s i g n i f i c a n t  i n c re a se  in  ba sa l  and s t im u a l t e d  l e v e l s ,  
in both groups.  The in c rease  was g r e a t e r  in  the  f a t t y  animals  both in  
r e l a t i v e  and a b so lu te  terms when compared to t h e i r  own u n t r e a t e d  c o n t r o l s  
and the  t r e a t e d  lean  animals .
125S p e c i f i c  binding o f  I-g lucagon to  l i v e r  plasma membranes prepared 
from lean  and f a t t y  Zucker r a t s  and t h e i r  c o n t r o l s  and i t s  d isp lacem en t  
by u n la b e l led  glucagon i s  shown in F i g . 7 . 3 .  There  were no d i f f e r e n c e s  
in glucagon binding c h a r a c t e r i s a t i o n  between th e  glucagon t r e a t e d  and 
u n t r e a te d  lean  animals o r  the  u n t re a ted  f a t t y  an im a ls .  Because o f  o v e r ­
lapping  o f  the  experimenta l  va lues  one d isp lacem ent  p l o t  s u f f i c e d  to 
r e p r e s e n t  the  th re e  groups o f  animals (co n t ro l  and t r e a t e d  lean  and 
con t ro l  f a t t y ) .  There was, however, a marked and s i g n i f i c a n t  drop in  
glucagon binding  by l i v e r  c e l l  membranes p repared  from glucagon t r e a t e d  
f a t t y  r a t s  compared with  t h e i r  u n t re a ted  c o n t r o l s .
Scatchard  a n a ly s i s  (174) was c a r r i e d  o u t  on the  glucagon r a d i o ­
r e c e p t o r  assay da ta  shown in  F i g -7.3 and re p re se n te d  d i a g r a m a t i c a l l y  in  
F i g . 7 .4 .  The a f f i n i t y  and k i n e t i c  cons tan ts  d e r ived  from the  two p l o t s
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Fig. 7. 2 Adenylate cyclase levels of the Zucker 
lean and fatty rats after glucagon 
treatment and their controls, basal (Q .), 
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glucagon ( E3) stimulated levels. Results 
are the mean + SEM of 4 rats in each 
group.
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Results were calculated as shown in 
the legend to Fig. 4. (®) represents 
values from treated lean and control 
rats, (•) represents values from 
treated fatty and control rats.
are  shown in Table 7 .4 .  In both, p l o t s  th e r e  appear to  be two types 
o f  glucagon r e c e p to r s ;  s i t e  1 r e c ep to r s  having high a f f i n i t y  and low 
c a p a c i ty ;  and s i t e  2 recep to r s  a low a f f i n i t y  and high c a p a c i t y .  There 
was a s i g n i f i c a n t  decrease  in the  binding c a p a c i ty  o f  both  s i t e s  in  
membrane prepared from t r e a t e d  f a t t y  r a t s  compared w i th  t h e i r  u n t r e a t e d  
c o n t r o l s ,  the  va lues  being near ly  halved by glucagon t r e a t m e n t .  The 
r educ t ion  in  cap a c i ty  was accompanied by an in c re a s e  in  th e  a f f i n i t y  
c o n s ta n t  o f  s i t e  2 in  the  f a t t y  t r e a t e d  animals compared w i th  t h e i r  
c o n t ro l s  w i thou t  s i g n i f i c a n t  change in  s i t e  1 .
125S p e c i f i c  b inding o f  I - i n s u l i n  to l i v e r  plasma membranes from
lean  and f a t t y  r a t s  and t h e i r  c o n t ro l s  and i t s  d isp lacem en t  by
u n la b e l l e d  i n s u l i n  i s  shown in  F i g . 7 . 5 .  Glucagon t r e a t m e n t  d id  no t
a l t e r  i n s u l i n  b inding to  l i v e r  r e c ep to r s  in e i t h e r  th e  t r e a t e d  le a n  and
125f a t t y  animals as compared with  t h e i r  c o n t r o l s .  However, maximum I -  
i n s u l i n  binding by l i v e r  ce l l  membranes from both  con t ro l  and t r e a t e d  
f a t t y  r a t s  was only 50% o f  t h a t  ob ta ined  with  the  membranes p repa red  
from l i v e r s  o f  e i t h e r  control  o r  glucagon t r e a t e d  lean  r a t s .
Scatchard  a n a ly s i s  o f  the  i n s u l i n  d isp lacement  s t u d i e s  a r e  shown 
in F i g . 7 .6  and the  c a l c u l a t e d  a f f i n i t y  and k i n e t i c  c o n s t a n t s  a r e  shown 
in  Table 7 .4 .  Due to the  overlapping o f  the  r e s u l t s  from the  t r e a t e d  and 
con tro l  lean  groups and the  t r e a t e d  and con t ro l  f a t t y  g roups ,  one 
Scatchard  p l o t  s u f f i c e d  to  desc r ibe  th e  r a d i o r e c e p t o r  a ssay  d a ta  o b ta in ed  
from the  glucagon t r e a t e d  lean  r a t s  and t h e i r  c o n t r o l s  and a n o th e r  
Scatchard  p l o t  to  d e sc r ib e  the  da ta  ob ta in ed  from the  glucagon t r e a t e d  
f a t t y  r a t s  and t h e i r  c o n t r o l s .  For the  sake o f  convenience two types  
o f  i n s u l i n  r e c ep to r s  fo r  each group o f  animals were e x t r a p o l a t e d  from 
the  Scatchard  p l o t s ,  a high a f f i n i t y  low cap a c i ty  ( s i t e  1) and a low
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to partially purified liver plasma membranes 
from lean and fatty Zucker rats after 
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displacement by unlabelled insulin. NSB for 
the treated lean and controls was 5.6% and 
for treated fatty and controls 4. 9%, which 
were substracted from their respective 
results shown, (a) Treated lean, (®) lean 
controls, (o) treated fatty and (□) fatty controls. 
Results are the mean ± SEM of 4 rats in each
group.
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Fig. 7.6 Scatchard plot of the data in Fig. 7. 5. The ratio 
of the bound to free insulin ... is  on the vertical 
axis and bound insulin is  on the horizontal 
axis. The association constant of the high affinity 
site is  obtained from the slope of the straight line 
at low insulin concentrations after correction 
for the contribution of the low affinity site at 
higher insulin concentrations. The association  
constant of the high affinity site is  obtained from 
the slope of the straight line at higher insulin 
concentrations. The maximum binding capacities 
were calculated from the intercepts of these two 
lines on the horizontal axis after converting the 
values to mol/1. (§0 represents values from 
treated lean rats and their controls, (®) represent 
treated fatty rats and their controls
a f f i n i t y  high cap ac i ty  [ s i t e  2 ) .  The c a l c u l a t e d  d a ta  shown in  Table
1257.4  rev ea l s  a marked reduc t ion  in  the  maximum I - i n s u l i n  b inding  
c a p a c i ty  o f  l i v e r  plasma membranes ob ta ined  from the  f a t t y  r a t s  compared 
w i th  membranes from lean  r a t s .  This reduc t ion  in b ind ing  c a p a c i ty  
a f f e c t s  both s i t e s  and i s  probably  compensated f o r  by an inc reased  
binding a f f i n i t y  a t  both s i t e s ,  p a r t i c u l a r l y  s i t e  1 .
Table 7 .5  shows i n s u l i n  and glucagon degrada t ion  by the  l i v e r  
plasma membranes o f  the  lean and f a t t y  Zucker r a t s .  These r e s u l t s  
i n d i c a t e  t h a t  degrada t ion  o f  both hormones i s  h ighe r  i n  the  lean  r a t s  
than from t h e i r  f a t t y  c o u n te r p a r t s .
125None o f  the  g lu c ag o n - t re a te d  animals developed . I.-glucagon,
binding  glucagon a n t ib o d ie s  during the  course  o f  th e se  exper im en ts .
Table 7.5  I n s u l in  and glucagon degrada t ion  by the  l i v e r  plasma
membranes o f  lean  and f a t t y  Zucker r a t s .  Degradation 
was determined by the  lo s s  o f  b ind ing  expressed  as 
percentage  to  f r e s h  membranes a f t e r  p r e in c u b a t io n  
w i th  l i v e r  plasma membranes (0 .33  mg/ml) f o r  30 min 
a t  30°C. Hormones c o n ce n t ra t io n  was 0.75 n g /m l .
Zucker lean
In s u l in Glucagon
43% 37%
Zucker f a t t y 35% 20%
b) C oCl^ - t rea ted~ra t s
The sh o r t - t e rm  e f f e c t  o f  glucagon on CoCl^- t rea ted  and co n t ro l  r a t s  
i s  shown in F i g . 7 .7 .  In c o n t r a s t  to r e s u l t s  shown in F i g . 7.1 f o r  the
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Zucker r a t  C o C ^ - t r e a t e d  and con tro l  r a t s  showed no in c re a se  in t h e i r  
piasma g lucose  leve l  fo llowing glucagon a d m i n i s t r a t i o n .  This i s  
probably  due to the  lower h ep a t i c  glycogen c o n ten t  W/A r a t  e x h i b i t  
compared to  th e  Zucker s t r a i n  (Chapter 3 ) .
Plasma t r i g l y c e r i d e s  following glucagon a d m in i s t r a t i o n  showed a 
d ecrease  in both the  CoCl^- t rea ted  and con t ro l  r a t s  a f t e r  10, 30 and 60 
min . ...
7 .4  D iscuss ion :
The p r e s e n t  s tudy  in d i c a t e s  t h a t  in  th e  Zucker f a t t y  r a t s  as in 
most o th e r  cond i t ions  a s so c ia te d  with  hyp e r in su l in aem ia ,  t h e r e  i s  an 
impairment o f  i n s u l i n  i n t e r a c t i o n .  This impairment on the  su r f a c e s  o f  
the  l i v e r  c e l l  membranes appears to  c o n s i s t  mainly o f  a decrease  in the  
number o f  i n s u l i n  r e c e p to r s .  This confirms previous  r e s u l t s  (Chapter 6 ) 
t h a t  i n s u l i n  r e s i s t a n c e  in t h i s  s t r a i n  o f  r a t  could be accounted f o r  by 
reduced i n s u l i n  r e c e p to r s  on i t s  t a r g e t  c e l l s .
Of s p e c ia l  i n t e r e s t  i s  t h e  d i f f e r e n c e  in hypol ip idaemic  and hyper- 
glycaemic potency o f  glucagon in f a t t y  and lean  r a t s .  Although g r e a t e r  
in  f a t t y  t h a n ' i n  lean  r a t s  when expressed in  terms o f  an abso lu te  
r e d u c t io n  in plasma t r i g l y c e r i d e  l e v e l s ,  th e  s i t u a t i o n  i s  reversed  when 
th e  da ta  i s  expressed in  terms o f  percentage  re d u c t io n  from p re t re a tm en t  
v a lu e s .  Plasma glucose  l e v e l s  were lower in  glucagon t r e a t e d  than  u n t r e a te d  
f a t t y  r a t s  d e s p i t e  the  f a c t  t h a t  plasma glucagon was inc reased  and 
plasma i n s u l i n  remain unchanged.
Prolonged exposure o f  Zucker r a t s  to exogenous glucagon led  to a 
marked r i s e  in t o t a l  adenyla te  cy c la se  a c t i v i t y  through which the  hormone i s  
be l ieved  to  e x e r t  i t s  metabolic  e f f e c t .  The e f f e c t  both upon basa l  
adeny la te  cyc lase  l e v e l s  and i t s  a c t i v i t y  a f t e r  s t i m u l a t i o n  in v i t r o
was much g r e a t e r  in the  f a t t y  r a t s  than the lean  ones .  However, i f  the  
r e l a t i v e  e f f e c t iv e n e s s  o f  glucagon in v i t r o  as expressed  by the  p e r c e n t  
in c re a s e  above the  basa l  a c t i v i t y  i s  con s id e red ,  i t  appears  t h a t  
glucagon in c re a s e s  the  enzyme a c t i v i t y  by only about 170% in  the  f a t t y  
t r e a t e d ,  vs 370% in the  f a t t y  con tro l  and 400-450% in th e  lean t r e a t e d  
and c o n t r o l . .
The r e l a t i v e  decreased  responsiveness  in the  t r e a t e d  f a t t y  r a t s  
as demonst ra ted  by t h e i r  decreased adeny la te  cyc la se  a c t i v i t y  fo l lowing  
in  v i t r o  glucagon s t im u la t io n  may be used to  ex p la in  th e  above d i s c r e p a n c i e s  
between the two groups .  To overcome t h i s  r e l a t i v e  decreased  re s p o n s iv e n e s s ,  
h igher  glucagon l e v e l s  would be requ i red  by the  f a t t y  animals  compared to  
the  lean  in o rd e r  to  achieve s i m i l a r  level o f  glucagon r e s p o n se .  This  i s  
shown in  Table 7.1 by th e  high plasma glucagon l e v e l s  in  the  t r e a t e d  
f a t t y  r a t s  compared to  the  l e an .  This decreased  r e l a t i v e  re spons iveness  
to  glucagon a lso  exp la ins  the  lower r e l a t i v e  d ec rea se  in  plasma t r i g l y c e r i d e  
l e v e l s  in the  t r e a t e d  f a t t y  r a t s  than in t r e a t e d  l e a n .  The same reasoning  
could a l so  ex p la in  the  decrease  in  plasma g lucose  in  th e  f ace  o f  unchanged 
plasma i n s u l i n  l e v e l s  (Table 7 .1 )  and i n s u l i n  b inding  ( F i g . 7 . 5 ) .
The high l e v e l s  o f  c i r c u l a t i n g  exogenous glucagon caused the'down 
r e g u l a t i o n '  o r  the  decrease  o f  i t s  own plasma membrane r e c e p t o r s  shown 
in  F i g . 7 .3  s i m i l a r  to t h a t  observed with i n s u l i n  ( F i g . 7 . 5 ) .
A 1 te r n a t iv e l y ,  the  decreased l i p o l y t i c  a c t i v i t y  as well  as th e  
lowering o f  plasma glucose  shown by the  glucagon t r e a t e d  f a t t y  r a t s  could 
be expla ined on the b a s i s  o f  the  gross hype r insu l inaem ia  p r e s e n t  in  the  
f a t t y  r a t s  more than coun ter  ba lanc ing  the  e f f e c t  o f  th e  induced hyper-  
g lucagenaemia .  However, t h i s  ex p lana t ion  i s  made l e s s  l i k e l y  i f  th e  
r e d u c t io n  in the  number o f  i n s u l i n  r e c e p to r s  shown in F i g . 7 . 5  i s  taken  
in to  account as probably  i n d i c a t i v e  o f  inc reased  i n s u l i n  r e s i s t a n c e .
In the p r e s e n t  s tudy the l i v e r  was . s tudied  as the  p robab le  main 
s i t e  o f  glucagon and i n s u l i n  a c t i o n .  However, i t  i s  wor th  c ons ide r ing  
t h a t  o th e r  pools  o f  t r i g l y c e r i d e  and g lucose  e x i s t  in  t h e  body where 
the  two hormones might  e x e r t  t h e i r  e f f e c t .  They could p o s s i b l y  d i f f e r  
in Zucker f a t t y  and lean r a t s  which may pu t  a d i f f e r e n t  e x p la n a t io n  
in  the  above d iscussed  d i s c r e p a n c i e s .
In the  s h o r t  term e f f e c t  o f  glucagon on th e  lean  and f a t t y  Zucker 
r a t s ,  i t  was shown t h a t  the  f a t t y  r a t s  demonst rated a more marked f a l l  
than the  lean  in t h e i r  plasma t r i g l y c e r i d e  l e v e l s .  They showed no 
evidence o f  r e s i s t a n c e  to  the  hypo t r ig ly ce r id aem ic  a c t i o n  o f  glucagon 
as was demonstrated with longer  per iod  o f  glucagon t r e a t m e n t .  S i m i l a r  
r e s u l t s  were a l so  shown by the  CoCl^- t rea ted  r a t s  compared t o  t h e i r  
c o n t r o l s .
Plasma glucose  l e v e l s  following a s i n g l e  dose o f  glucagon in the  
Zucker r a t s  showed h ighe r  e l e v a t io n  in  the  f a t t y  compared to  th e  l e a n .  
This d i f f e r e n c e  could be expla ined  by the f a c t  shown in  Chapter  3 t h a t  
the  h e p a t i c  glucogen r e se rv e  in the  f a t t y  r a t s  was much h i g h e r  than  th e  
l e a n .  Glucagon had no e f f e c t  on the  plasma glucose  l e v e l s  o f  th e  CoCI^-* 
t r e a t e d  r a t s  o r  t h e i r  c o n t r o l s .  There was no r i s e  fo l low ing  glucagon 
a d m in i s t r a t i o n  in th e  plasma glucose l e v e l s  in  e i t h e r  g roup .  This  i s  
probably  due to  the  lower h epa t ic  glycogen r e s e rv e  W/A r a t s  possess  
compared to  the  Zucker s t r a i n  shown in Chapter 3 ,  bea r ing  in  mind t h a t  
th e se  animals were a lso  f a s t ed  p r i o r  to  commencement o f  th e  exper im en t .
These r e s u l t s  w i l l  be th e  s u b j e c t  o f  f u r t h e r  d i s c u s s io n  in th e  l i g h t  
o f  o t h e r  r e s u l t s  o f  previous  s tu d i e s  which w i l l  be p re s e n te d  in Chapter  
8 .
CHAPTER EIGHT 
FINAL DISCUSSION AND CONCLUSIONS
8.1 The Zucker F a t ty  R a t :
The Zucker f a t t y  r a t  i s  one o f  a group o f  animals t h a t  i n h e r i t  o b e s i t y  
as an autosomal Mendelian r e c e s s i v e  t r a i t .  These r a t s  as shown in th e  
p re s e n t  s e r i e s  o f  s t u d i e s  a re  f a t t y ,  hyperphagic and hyper insu l inaem ic  
a s so c ia te d  with i n s u l i n  r e s i s t a n c e ,  but t h e i r  blood glucose  remains a t  
normal l e v e l s .  The h y p e r t r ig lycen idaem ia  which c h a r a c t e r i s e s  th e se  an imals ,  
i s  probably due to  th e  inc reased  hep a t i c  production o f  t r i g l y c e r i d e s  (Chapter 4 ) .
In t h i s  c h ap te r  two impor tan t  a spec ts  which emerged from the p re s e n t  
work w i l l  be d iscussed  in some d e t a i l  in  the  hope o f  f u r t h e r  e l u c i d a t i n g  
the  pathogenes is  o f  t h i s  type o f  i n h e r i t e d  o b e s i ty  and hypef l ipaem ia:  a)  o b e s i t y  
&nd in s u l in  r e s i s t a n c e  o f  the  f a t t y  Zucker r a t ,  b) h y p e r t r ig ly ce r id a e m ia  
and g lucagon- res i  s t a n c e .
a) Obesity and i n s u l i n  r e s i s t a n c e  o f  the  Zucker f a t t y  r a t  
In d i s cu s s in g  t h e  r e l a t i o n s h i p  between o b e s i ty  o f  the  Zucker f a t t y  
r a t  and i t s  i n s u l i n  r e s i s t a n c e ,  seve ra l  pa thogenic  mechanisms lead in g  to 
the  i n s u l in  r e s i s t a n t  s t a t e  must be mentioned. These a re  hyperphag ia ,  
hyper insu l inaem ia ,  and changes in  the  s e n s i t i v i t y  of  the  t a r g e t  t i s s u e s  
o f  i n s u l in  leading  to  an i n s u l i n  r e s i s t a n t  s t a t e .
i )  Hyperphagia and th e  r o l e  o f  the  hypothalamus:
I t  i s  well e s t a b l i s h e d  t h a t  the  hypothalamus plays  a fundamental  
r o l e  in  the  r e g u la t i o n  o f  food in ta k e  (183) .  More s p e c i f i c a l l y  i t  has 
been shown t h a t  two opposing mechanisms modulate t h i s  p rocess :  a mechanism 
lo c a ted  in th e  ven t rom edia l  a rea  o f  the  hypothalamus (VMH) b r ings  about 
s a t i a t i o n  o f  a p p e t i t e ;  the  " s a t i e t y  centre" , ,  w h i l s t  ano ther  mechanism lo c a t ed  
in  the v e n t r o l a t e r a l  a rea  (VLH) i n i t i a t e s  feed ing  i . e .  " feeder  c e n t r e "  (184).
I t  has been f u r t h e r  shown t h a t  th e  VMH e x e r t s  an i n h i b i t o r y  in f l u e n c e  upon 
the  VLH; thereby  modulating food in ta k e .
Since the  Zucker f a t t y  r a t  i s  hyperphagic  l i k e  most animals with
spontaneous o b e s i t y ,  i t  has been hypothesi sed t h a t  d e f e c t ( s )  in  hypothalamic 
r e g u la t i o n  o f  food in ta k e  may be p re s e n t  (183) .  This hypothes is  ga ins  
suppor t  from p a r a b io s i s  experiments (185) .  Following p a ra b io s i s  o f  one 
p a r t i c u l a r  type o f  obese mouse (ob/ob) with a normal mouse, an improvement 
o f  the  obese syndrome, in  p a r t i c u l a r ,  a n o rm a l isa t ion  o f  the  food in ta k e  
i s  observed.  In o t h e r  I n s t a n c e s ,  the  p a r a b io s i s  o f  an o th e r  type o f  obese 
mouse (db/db) with  e i t h e r  normal o r  abnormal mice r e s u l t s  in the  premature  
death o f  e i t h e r  one o f  th e  l a t t e r ,  a death a p p a ren t ly  due to  aphag ia .  On 
the  b a s i s  o f  th e se  experiments a t  l e a s t  two d i f f e r e n t  anomalies o f  the  
hypothalamus can be env isaged in  th e  obese an imals .  The f i r s t  anomaly 
would be an i n s u f f i c i e n t  p r o d u c t i o n ,by the  o b / o b ,mouse o f  a '‘s a t i e t y  f a c t o r "  
with consequent hyperphagia .  Upon p a ra b io s i s  with a normal mouse, the  
l a t t e r  would supply th e  ob/ob mice with the  lacking  " s a t i e t y  f a c t o r " . T h i s  
would be an example o f  a f u n c t i o n a l l y  a l t e r e d  bu t  o therwise  r e spons ive  
hypothalamus. The second anomaly would be the  excess ive  p roduct ion  o f  a 
" s a t i e t y  f a c t o r "  by th e  db/db mice to  which i t  w i l l  no t  respond, hence 
producing hyperphagia .  Following p a ra b io s i s  o f  the  db/db mice e i t h e r  with 
a normal o r  an obese mouse, the  overproduct ion  o f  " s a t i e t y  f a c t o r "  would 
be s u f f i c i e n t  to  tu rn  o f f  the  feed ing  c e n t r e  o f  e i t h e r  one o f  the  p a r a b i o n t s ,  
with consequent aphagia  and death  by s t a r v a t i o n .  This would be an example 
o f  a f u n c t i o n a l l y  a l t e r e d  and, in a d d i t i o n ,  unresponsive hypothalamus (186).  
Such s tu d ie s  with  obese and normal mice have e s t a b l i s h e d  t h a t  food consumption 
and r a t e  o f  weight  ga in  was re g u la te d  in the  obese p a r t n e r  by "something" 
coming from the  normal p a r t n e r .  This sugges ted  t h a t  the  obese mouse 
cannot produce " s a t i e t y  f a c to r "  in s u f f i c i e n t  amounts to  con tro l  i t s  
a p p e t i t e .
Studies  by S t r a u t z  (187) have shown t h a t  t r a n s p l a n t a t i o n  o f  normal 
p a n c r ea t i c  i s l e t s  to  obese mice s t a b i l i s e d  r a t e  o f  weight ga in  and reduced 
both the  hyperglycaemia and h y p e r in su l in a em ia . These s tu d i e s  imply t h a t
the  missing " s a t i e t y  f a c to r "  may be p a n c r e a t i c  in  o r i g i n .  However, 
s i m i l a r  i s l e t  t r a n s p l a n t  s tu d i e s  undertaken by o th e r s  (185) with obese 
mice have not been ab le  to  r e p e a t  th e se  r e s u l t s  and t h i s  hypothesis  u n t i l  
confirmed must be considered  with c au t io n .
The above s tu d i e s  were mainly c a r r i e d  ou t  on obese mice im p l ica t in g  
a d e fe c t iv e  " s a t i e t y  cen t re"  as a p o s s ib le  primary cause f o r  i t s  hyperphagia
The same argument f o r  the  hyperphagia o f  the  obese mouse can be 
ap p l ied  to  the  Zucker f a t t y  r a t  as th e se  two s t r a i n s  o f  animals show g r e a t  
resemblance in  t h e i r  i n h e r i t e d  a b n o rm a l i t i e s .
i i ) Hyperinsulinaemia
In la b o ra to ry  animals hyperphagia may r e s u l t  in a r e v e r s i b l e  syndrome 
c h a r a c t e r i s e d  by obesi ty ,  and hyper insu l inaemia  (188) .  Hyperphagia and 
hyper insu l inaemia  are  o f ten  concomitant in animal o b e s i t i e s ,  and i t  i s  
p o s s ib l e  t h a t  h y p e rsec re t io n  o f  i n s u l i n  i s  simply a consequence o f  hyper­
phagia .  Hyperphagia could i n i t i a t e  changes in the  B - c e l i s  causing hyper­
insu l inaem ia  o r ,  a l t e r n a t i v e l y ,  a primary d e f e c t  in the  B - c e l l  could  cause 
exces s ive  i n s u l i n  s e c r e t i o n  thereby causing the  hyperphagia .  The q ues t ion  
o f  which comes f i r s t  i s  probably academic s in c e  neonata l  g e n e t i c a l l y  obese 
roden ts  a r e  hyperphagic from b i r t h  (186).
The r o l e  o f  hyper insu l inaemia  in the development o f  o b e s i t y  i s  
suggested by the  observa t ion  t h a t  th e  in c re a s e  in  depot f a t  which 
fo l lows l e s io n s  o f  the  VMH, i s  prevented v/hen B - c e l l s  a re  des t royed  by 
the  B -ce l l  c y to to x ic  agen t  s t r e p to z o t o c in  (189) .  Moreover, a good 
c o r r e l a t i o n  between insu l inaemia  and subsequent o b e s i ty  has been r e p o r te d  
in  animals with VMH le s io n s  (190).  Basal i n s u l i n  s e c r e t i o n  as well  as t h a t  
induced by glucose and o th e r  s t i m u l i , i s  excess ive  in most obese animals 
(183) .  Hyperinsulinaemia o r  hyperphagia would u l t im a te ly  lead  to  B - c e l l s
h y p e r a c t iv i t y  causing e i t h e r  compensatory hypertrophy and hype rp la s ia  o f  the  
B-cell o r  in  some s t r a i n s  B-cell  exhaust ion  and a trophy (186).
Morphological ly  th e  i s l e t s  o f  a l l  obese animals a re  c h a r a c t e r i s e d  by 
varying degrees o f  hype rp la s ia  and hyper t rophy,  inc reased  i n s u l i n  c o n t e n t ,  
inc reased  v a s c u l a r i s a t i o n  and varying s igns  o f  B-cell h y p e r a c t i v i t y  (183) .
Since the  Zucker f a t t y  r a t  i s  both  hyperphagic and h y pe r in su l inaem ic ,  
the  o b e s i ty  o f  t h i s  animal could be a r e s u l t  o f  these  changes,  o r  be an 
independent primary express ion  o f  the  gene d e f e c t .  This l a t t e r  sugges t ion  
would seem a p p ro p r i a t e  s ince  an in c re a se  in  body f a t  in t h i s  animal has been 
repor ted  to  occur p r i o r  to  any d e t e c t a b l e  r i s e  in i n s u l i n  o r  hyperphagia  
(191, 192). However, i t  has been demonstrated t h a t  f a t t y  ac id  s y n th e s i s  in 
both l i v e r  and ad ipose  t i s s u e , a n d  the  serum i n s u l i n  in t h i s  s t r a i n  o f  r a t s  a re
c lo se  to  the  l e v e l s  in  lean  r a t s  p a i r - f e d  on i d e n t i c a l  meal e a t i n g  regime.
This sugges ts  t h a t  the  excess l ip o g e n e s i s  in the  Zucker f a t t y  r a t s  i s
secondary to  the  hyperphagia ,  hyper insu l inaemia  and inc reased  t i s s u e  mass (193).
i i i ) In s u l in  r e s i s t a n c e
With the p e r s i s t a n c e  o f  hyper insu l inaemia  in  the  Zucker f a t t y  r a t , t h e  
t a r g e t  organs f o r  i n s u l i n  become maximally s t im u la t e d .  I n s u l in  r e s i s t a n c e  
in te rv e n e s ,  probably to  p r o t e c t  the  animal a g a i n s t  the  u n d e s i r ab le  m e tabo l ic  
consequences o f  hyper insu l inaemia .  The p a n c r e a t i c  ou tpu t  o f  i n s u l i n  i s  e i t h e r  
s u s t a in e d ,  thus main ta in ing  g ro s s ly  e lev a ted  c o n ce n t ra t io n  o f  i n s u l i n  and 
producing a massive o b e s i t y ,  which i s  t y p i f i e d  by the  Zucker f a t t y  r a t , . o r  
i s l e t  a trophy occurs causing insulinopaemi.a,  severe  d ia b e t e s  and premature 
death  such as- the  case  in the  d i a b e t i c  mouse (db).
The r e s i s t a n c e  to  i n s u l i n  appears to  be due to  severa l  f a c t o r s  e i t h e r
alone o r  in  combination:
,1) changes in  the  i n t r a c e l l u l a r  metabolism of  t a r g e t  t i s s u e s ;
2) changes in  the  s t a t e  o f  t a r g e t  t i s s u e  i n s u l i n  r e c e p to r s .  As was shown 
in  Chapter 7 and 8 the  i n s u l i n  r e s i s t a n c e  o f  th e  Zucker f a t t y  r a t  i s  most 
probably due to  the  l a s t  p o s s i b i l i t y ,  and w i l l  be f u r t h e r  d i scu ssed  he re .
However, t h e r e  i s  no reason to  exclude the  p a r t i c i p a t i o n  o f  the  o th e r  
p o s s i b i l i t y .
A q u es t io n  which puzzled workers in  t h i s  f i e l d  i s  whether the  
i n s u l i n  c o n ce n t r a t io n  r e g u la te s  the  number o f  i t s  r e cep to r s  a t  the  t a r g e t  
t i s s u e  leve l  o r  does the  i n s u l i n  r e c e p to r  number d i c t a t e  the  i n s u l i n  
concen t ra t ion?  I ,  favour the  f i r s t  p o s s i b i l i t y .  Chronic 
s t im u la t io n  o f  the  p a n c r e a t i c  B-cell  r e s u l t s  in hyper insu l inaemia  and t h a t  
pe r iphe ra l  i n s u l i n  r e s i s t a n c e  as manifes ted  by th e  "down r e g u la t io n "  o f  
in s u l in  r e c ep to r s  i s  merely an adap t ive  phenomenon secondary to  ch ron ic  
exposure to  high i n s u l i n  c o n ce n t r a t io n .  Considerable  in format ion  e x i s t s  in 
support  o f  t h i s  view (34, 41, 43 ) ,  n e v e r th e le s s  the  a l t e r n a t i v e  hypothes is  
cannot be t o t a l l y  excluded.
The d e f e c t  in i n s u l i n  binding in the  Zucker f a t t y  r a t  shown by the  
experiments p re sen ted  i n  t h i s  t h e s i s  can account f o r  i t s  i n s u l i n  r e s i s t a n c e .
The decreased c ap a c i ty  to  bind i n s u l i n  in the  t i s s u e s  examined can be f u l l y  
accounted f o r  by an ac tu a l  diminution o f  the  number o f  r e c ep to r s  p e r  mg 
membrane p r o t e i n ,  the  basal  k i n e t i c s  of the  r e c ep to r s  remaining o the rw ise  
una l te red .  Since norm a l i sa t ion  o f  hyper insu l inaemia  r e s u l t s  in  c o r r e c t i o n  o f  
the  i n s u l in  r e c e p to r  d e f e c t ,  hyper insu l inaemia  has been in c r im in a te d ,  through 
a mechanism not y e t  understood in the  red u c t io n  o f  r e c e p to r  s i t e s  pe r  c e l l  (194).  
The abnormali ty  o f  i n s u l i n  r e s i s t a n c e  would thus  b e . se c o n d ary , not primary in 
na tu re .
The above d iscussed  mechanism fo r  i n s u l i n  r e s i s t a n c e  in the  Zucker f a t t y  
r a t  i s  summarized in Fig .  8 .1 .
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Fig .  8 .1 .  Proposed mechanism f o r  i n s u l i n  r e s i s t a n c e  in  the  
Zucker f a t t y  r a t
Recently th e  concept o f  one gene/one enzyme has been adapted to  
explore  the g e n e t i c  t r a n s m i t t e d  form o f  o b es i ty  in the  obese mouse by 
York, e t  a^ .  (195) .  The ir  work was based dn the  mechanism o f  t h y ro id  
hormone a c t io n  in th e  r e g u la t i o n  o f  energy ba lance  proposed by Edelman, e t  a l . 
(195) .  This mechanism o f  th y r o i d  hormone a c t io n  involves  the  sodium pump 
a c t i v i t y  and i t s  s t im u la t io n  by thyroxine  causing an in c re a s e  in energy
expendi tu re  in  a c t i v e  sodium t r a n s p o r t .  This process  i s  app a ren t ly
c o n t r o l l e d  by th e  a c t i v i t y  o f  an enzyme,c a l l e d  NaK-ATPase,which c a t a l y s i s  
the  r e a c t io n  o f  oxygen consumption by various  t i s s u e s , which in tu rn  i s  
c o n t r o l l e d  by hormones produced by the  thy ro id  gland.
York, e t  al_. have proposed t h a t  a d e fe c t  in  the  T3- induced NaK-ATPase 
may be the b a s i s  f o r  the  i n h e r i t e d  o b e s i ty  o f  the  obese mice. They have 
f u r t h e r  sugges ted  t h a t  t h i s  i n h e r i t e d  d e fe c t  could exp la in  many, i f  not a l l ,  
o f  the  m etabol ic  changes t h a t  have been repo r ted  in the  obese mice. These 
inc lude  d e f e c t iv e  thermogenes is ,  t h a t  r e s u l t s  in a lower body temperature  o f  
these  mice,  t h e i r  s u s c e p t a b i l i t y  to  cold  and t h e i r  in c re a se d  e f f i c i e n c y  o f  
food u t i l i s a t i o n .  These ab n o rm a l i t i e s  could lead  to  o b e s i ty  by reducing the  
animals a b i l i t y  to  burn o f f  e x t r a  carbohydrate  in  the  t i s s u e s  and a t  th e  same 
time would reduce th e  an im a l ’s a b i l i t y  to  genera te  e x t r a  hea t  in co ld  c o n d i t i o n s .  
They have a lso  proposed t h a t  the  low a c t i v i t y  o f  NaK-ATPase in the p a n c r e a t i c  
i s l e t s  might be th e  b a s i s  o f  the  hyper insul inaemia  o f  t h i s  s t r a i n  o f  mice,  
w i thou t  a c t u a l l y  measuring i;ts a c t i v i t y  w i th in  the  p ancreas .
Although t h i s  d iscovery  was considered  o f  g r e a t  value in the  unde rs tand ing  
o f  the  a e t i o lo g y  o f  i n h e r i t e d  animal o b e s i t y ,  t h e re  s t i l l  remains seve ra l  '
t
quest ions  to  be answered by t h i s  proposed mechanism. 1) The p r e c i s e  d e f e c t
in the thy ro id  dependent ATPase system in  the obese mice s t i l l  aw ai ts  f u r t h e r  
c l a r i f i c a t i o n .  2) The exac t  r o l e  o f  suc!h a d e fe c t  in the  development o f
hyperphagia and hyper insu l inaem ia  in  the obese mice.  3) The NaK-ATPase-sodium
pump mechanism f o r  th y ro id  hormone a c t io n  on which t h i s  proposal i s  b a s e d » 
i s  merely one o f  seve ra l  mechanisms proposed f o r  the  a c t io n  o f  t h i s  hormone.
There a re  a t  l e a s t  s i x  o th e r s  with e q u a l ly  convincing suppor t ing  d a t a .  These 
inc lude  n u c le a r  t r a n s c r i p t i o n ,  mi tochondria l  a c t i v a t i o n ,  t y r o s i n e  i n c o r p o r a t i o n ,  
a d renerg ic  r e c e p to r  s e n s i t i v i t y ,  membrane a c t io n  o r  more l i k e l y  a combination 
o f  one o r  more o f  these  proposed mechanisms (197).
Although the  Zucker f a t t y  r a t  shares  many ab n o rm a l i t i e s  with the  obese 
mouse, i t  s t i l l  remains to  be seen whether the  above d iscussed  proposed mechanism 
f o r  the  obese mouse may be a p p l i c a b l e  in the  case  o f  the  Zucker f a t t y  r a t .
This i s  made u n l ik e ly  by the  l i g h t  o f  experiments  c a r r i e d  ou t  on the  Zucker 
f a t t y  r a t  by Powley, e t  al_. (198).  These workers have shown by hypophysectomy 
experiments on the  Zucker r a t  t h a t  the  p i t u i t a r y  and the  m a jo r  endocr ine  • 
pathways i t  c o n t ro l s  (which inc lude  the  thy ro id )  a re  no t  the  locus o f  the  
primary g en e t i c  l e s ion  re sp o n s ib le  f o r  m ain ta in ing  the  Zucker f a t t y  r a t ' s  
o b e s i ty .  They have concluded t h a t  the  o b e s i ty  o f  the  Zucker r a t  i s  much more 
massive than the  modest a d ip o s i ty  o c c a s io n a l ly  a t t r i b u t e d  to hypothyroidism.
This conclusion f o r  the  Zucker f a t t y  r a t  would i n d i r e c t l y  add a f u r t h e r  p o i n t  
a g a in s t  the  above mentioned proposed mechanism f o r  i n h e r i t e d  o b e s i t y .  Until  
these  po in ts  a re  f u l l y  c l a r i f i e d ,  I s t i l l  hold the  view t h a t  an imal ,  as well  
as human, o b e s i ty  i s  most l i k e l y  no t  to be found in a s i n g l e  enzymatic  o r  
metabolic  d e f e c t  nor i s  i t  the  r e s u l t  o f  any s in g l e  psychogenic  f a c t o r .  I 
f u r t h e r  b e l iev e  t h a t  a d e fe c t  in  the  NaK-ATPase found in  the  obese mouse i s  
only one more a d d i t io n  to  the  a l r e ad y  e x i s t i n g  long l i s t  o f  many enzymatic  
and metabolic de fec t s  found in  t h i s  and o t h e r  s t r a i n s  o f  obese an imals .
b) Hyper tr ig lycefdaemia  and glucagon r e s i s t a n c e  in the Zucker f a t t y  r a t
Obesity in the  Zucker f a t t y  r a t  i s  a s s o c i a t e d  with marked 
hyper t rig lyceridaemia . As was p rev io u s ly  mentioned, the  c o n ce n t ra t io n  o f  plasma 
t r i g l y c e r i d e s  t h e o r e t i c a l l y  may be governed e i t h e r  by the  r a t e  o f  t r i g l y c e r i d e
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produc t ion ,  by the  r a t e  o f  t r i g l y c e r i d e  removal o r  by both.
i )  T r ig ly c e r i d e  tu rnove r  r a t e
Hyperlipaemia i s  a major consequence o f  o b e s i t y  and the inc idence  o f
hyp e r t r ig ly ce r id aem ia  i s  high in human o b e s i t y  (5 ) .  I t  i s  p o s s i b l e  t h a t
t r i g l y c e r i d e  tu rn o v e r  r a t e  in the  f a t t y  r a t  i s  inc reased  compared to  i t s
lean l i t t e r  mate.  In su l in  plays  an important r o l e  in  t r i g l y c e r i d e
metabolism. I t  has c l e a r l y  d e m o n s t ra t ed . th a t  i n s u l i n  enhances t r i g l y c e r i d e
formation from i t s - p r e c u r s o r s  (19-25) .  - The Zucker f a t t y  r a t  i s
hyper insu l inaem ic .  However, t h i s  hyper insul inaemia  i s  a s s o c i a t e d  with  i n s u l i n
r e s i s t a n c e  both in the  l i v e r  and adipose  t i s s u e .  The diminished re sponsiveness
to  i n s u l i n  may r e s u l t  in in c reased  f l u x  o f  FFA and glucose  p re c u rso r s  t o  the
l i v e r  leading to  over  production  o f  t r i g l y c e r i d e s .
i i )  T r ig ly c e r id e  removal r a t e
The p r e s e n t  s tudy demonstrates a more than f o u r - f o ld  in c re a s e  in 
l ip o p r o te in  l i p a s e  a c t i v i t y  in the  f a t t y  r a t  compared to i t s  lean c o n t r o l .
I f  t h i s  a c t i v i t y  i s  taken to  r e f l e c t  the  t r i g l y c e r i d e  removal r a t e ,  then 
t h i s  animal should show s igns  o f  hypo t r ig lyce r idaem ia  r a t h e r  than 
h ype r t r ig lyce r idaem ia  which a c t u a l l y  p r e v a i l s .  This d iscrepancy could  be 
expla ined  as fo l lows:
1) L ipopro te in  l i p a s e  is  the  enzyme system b e l iev ed  to  r e g u la t e  the  r a t e  
o f  uptake o f  plasma t r i g l y c e r i d e s  by ad ipose  t i s s u e .  I t  was measured in the  
p re sen t  s tudy in v i t r o  using a commcerial pure t r i g l y c e r i d e  s u b s t r a t e .  This 
may not n e c e s s a r i l y  r e f l e c t  the  t r u e  c o n d i t io n s  in v i v o , where i n h i b i t o r s  may
e x i s t  to t h i s  enzyme. However, t h i s  i s  made u n l ik e ly  due t o ■ th e  p resence  in  
excess  o f  l i p o p r o t e i n  l i p a s e  a c t i v a t o r s  (apolipo  p r o t e i n s )  r a t h e r  than  i n h i b i t o r s
i n  these  f a t t y  r a t s  (89)
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2) I t  may be t h a t  t h e se  a l t e r a t i o n s  in l i p o p r o t e i n  l i p a s e  a c t i v i t y  
and i t s  a c t i v a t o r s  l e v e l s  r e p r e s e n t  a t tempts  to adap t  to  inc reased  
l e v e l s  o f  t r i g l y c e r i d e  in  the f a t t y  r a t s ,  which i s  probably  
i n s u f f i c i e n t  to  cope wi th  such high t r i g l y c e r i d e  i n c r e a s e s .
S a tu r a t i o n  o f  such removal system by excess  t r i g l y c e r i d e s  could 
r e s u l t  in impaired d isposa l  and accumulation o f  t r i g l y c e r i d e s  
l e ad ing  to h y p e r t r ig ly c e r id a e m ia .
3) I t  i s  sugges ted  from the  p r e s e n t  s e r i e s  o f  s t u d i e s  t h a t  mechanism 
2 i s  o p e ra t in g  in t h i s  type o f  f a t t y  r a t  coupled by a probable  
enhanced t r i g l y c e r i d e  s y n th e s i s  and i s  proposed here  to  account
f o r  the  Zucker f a t t y  r a t  h y p e r t r ig ly ce r id a e m ic  syndrome.
Eaton e t  aj_ (66,67) have p u t  forward a hypo thes i s  which could  
account f o r  i n h e r i t e d  and induced hyper l ipaem ia .  This hypothesis  
as p rev ious ly  mentioned (Chapter 1) involves  reduced glucagon 
s e c r e t i o n ,  reduced glucagon re spons iveness ,  and thus  r e s i s t a n c e  ^ 
to  the  a c t io n  o f  both endogenous and exogenous glucagon. They have 
p re sen ted  evidence from work c a r r i e d  ou t  on the  Zucker f a t t y  r a t  
and the  CoCl£ - t r e a t e d  r a t ,  both o f  which a re  the  s u b j e c t  o f  the  
p r e s e n t  s tudy .
In one s tudy ( 6 6 ) they repo r ted  high l e v e l s  o f  glucagon in p a t i e n t s  
with  endogenous hyperl ipaemia  as well  as in some exper im ental  an im a ls .  They
concluded t h a t  glucagon r e s i s t a n c e  may r e s u l t  in the  in a p p r o p r i a t e  in c re a s e  
in serum glucagon c o n c e n t r a t io n .  However, in ano ther  r e p o r t  (52) when 
t e s t i n g  obese p a t i e n t s  with endogenous hyper l ipaem ia ,  they .reported 
decreased plasma glucagon l e v e l s .
In the  Zucker f a t t y  r a t  the  same group re p o r te d  (144) reduced basa l  
plasma glucagon, in  response to  f a s t i n g  and in response to pharmacologic  
glucagon s t im u la t io n  ( a r g i n i n e ) .  In the  CoCl^-treated r a t  they re p o r te d  ' 
inc reased  glucagon s e c r e t i o n  and a r e s i s t a n c e  to  the a c t io n  o f  t h i s  hormone 
both in vivo and in  v i t r o  (67 ,  200).  They suggested from these  s tu d i e s
t h a t  the  lo s s  o f  th e  normal hypo!ipaemic a c t io n  o f  glucagon in c o n d i t io n s  o f
decreased glucagon a c t i v i t y  could be r e sp o n s ib le  f o r  the  development an d /o r  
maintenance o f  endogenous hyper l ipaem ia .
Evidence from the  p r e s e n t  s tudy as well as from s i m i l a r  s t u d i e s  c a r r i e d  
ou t  by o t h e r  workers do n o t  lend support  to  such a hypo thes i s .  E lk e le s  and 
Hambley (63) did  not f in d  glucagon r e s i s t a n c e  a f t e r  glucagon a d m in i s t r a t i o n  to 
hyperl ipaemic  s u b j e c t s .  Bryce,  e t  al_. (201) showed no d i f f e r e n c e  in  the  
basal  plasma l e v e l s  o f  glucagon between Zucker lean  and f a t t y  r a t s .
Laburthe,  e t  al_. (S8 ) r e p o r te d  in c reased  plasma glucagon l e v e l s  in  the
Zucker f a t t y  r a t  compared to  th e  lean as I d id .
In i n s u l i n  r e s i s t a n t  s t a t e s  as demonstrated by the p r e s e n t  s t u d y ,  such 
r e s i s t a n c e  i s  a s s o c i a t e d  with  decreased i n s u l i n  recep to r s  a t  the  t a r g e t  
t i s s u e  l e v e l .  L iver  and adipose t i s s u e  plasma membranes glucagon r e c e p to r s  
showed no d i f f e r e n c e  in t h e i r  binding capac i ty  o r  a s s o c i a t i o n  c o n s ta n t  
between f a t t y  and lean r a t s .  The same observa t ion  was a l so  made f o r  the  CoC^-  
t r e a t e d  and co n t ro l  an imals .  The glucagon r e s i s t a n c e  h y p o th e s i s ,  cannot ,  
t h e re fo re  be exp la in ed  on the  b a s i s  o f  reduc t ion  in the  number and a v i d i t y  
o f  both l i v e r  and adipose  t i s s u e  glucagon re c e p to r s  as was the  case  in  the  
i n s u l in  r e s i s t a n t  s t a t e .  Furthermore a d e n y l a t e  cyc lase  l e v e l s ,  the  system
by which glucagon i s  b e l ie v ed  to. e x e r t  i t s  a c t io n  showed no d i f f e r e n c e  in 
e i t h e r  basal  o r  s t im u la te d  l e v e l s  in  l i v e r  and adipose  t i s s u e  plasma 
membranes o f  both animal models used f o r  the  p r e s e n t  s tudy .  However, 
decreased responsiveness  to  glucagon as measured by adeny la te  cyc la se  a c t i v i t y  
was observed in  the  f a t t y  r a t  (Chapter 7).  This was however, only e v id e n t  a f t e r  
su b jec t in g  th e se  r a t s  to  ex te rn a l  high doses o f  glucagon,  which i s  u n l i k e l y  to 
occur under normal c i r c u m s tan c es .
N e i ther  the  Zucker f a t t y  r a t s  nor the  C o C ^ t r e a t e d  r a t s  showed any 
s i g n i f i c a n t  changes e i t h e r  a t  basal  o r  a r g in in e  s t im u la te d  l e v e l s  o f  
glucagon compared to  t h e i r  r e s p e c t iv e  c o n t r o l s .
In conclusion i t  can be s a id  t h a t  t h e re  i s  l i t t l e  evidence in  suppor t  o f  the  
"glucagon r e s i s t a n c e 1! . h y p o t h e s i s  th a t i c an  be drawn e i t h e r  from the  p r e s e n t  
. stuc(y o r  o t h e r  s t u d i e s  ‘c a r r i e d  o u t  by .o ther  workers .  The decreased a c t i v i t y  o f  
g lu c a g o n , i f  i t  e x i s t s  in  hyperl ipaemic  s y n d ro m e s ,p a r t i c u la r ly  when a s s o c i a t e d  
with o b e s i t y ,  could simply be expla ined  by the  hyper insul inaemic  s t a t e s  a s s o c i a t e d  
with such syndromes,  e . g .  Zucker f a t t y  r a t  and the  obese mouse, more than  
counterbalanc ing  the  l i p o l y t i c  a c t i o n  o f  glucagon. In such cases  i t  i s  
adv isab le  to co n s id e r  the  a c t i v i t i e s  o f  the  l ip o g e n ic  hormones, e . g .  i n s u l i n  
on one hand versus  the  a c t i v i t i e s  o f  the  l i p o l y t i c  hormones, e . g .  glucagon 
on the  o t h e r ,  r a t h e r  than to  c o n s id e r  the  a c t i v i t y  o f  each hormone independen t ly .
8.2 The Cobal t -Chlor ide  Trea ted  R a t :
The p r e s e n t  work has shown t h a t  t re a tm en t  o f  animals with C0 CI2 g ives  
r i s e  to a polycythemic s t a t e  o f  s h o r t e r  du ra t ion  than the  accompanying 
h y p e r t r ig ly ce r id aem ic  s t a t e ,  which i s  in agreement with  previous  r e p o r t s  
(100-110).  The polycythemic a f f e c t  has been a t t r i b u t e d  to  the  a c t i o n  o f  
cob a l t  on the  e ry th ro p o ie t ic ,  system ( 202 ) by i n i t i a t i n g  a s t a t e  o f  h i s t o t o x i c  
( t i s s u e )  hypoxia (203) .
The mechanism o f  CoCI^'fnduced. hyperl ipaemia  in these  exper imental  
animals i s  poor ly  understood (107-109).  The hypothes is  t h a t  p r e v a i l e d  p r i o r  
to  the  Eaton*' e t  a l .  hypothes is  o f  glucagon r e s i s t a n c e  (d iscussed  under 
Sec t ion  8.1) was based on the  work of Van Compenout and Cornell 's (110) and assumed 
t h a t  co b a l t  s e l e c t i v e l y  des t royed  the  A -c e l l s  ( the  glucagon producing c e l l s )  of  
the  p a n c rea t ic  i s l e t s .  This causes  acu te  glucagon r e l e a s e  followed by ch ron ic  
glucagon d e f ic ien c y  which then gives  r i s e  to  e l e v a t e d  plasma glucose  and 
l i p i d  l e v e l s .  I t  i s  obvious t h a t  a l l  the  c o b a l t  e f f e c t s  cannot simply be 
exp la ined  by such mechanism.
From the r e s u l t s  o f  the  p r e s e n t  s tudy i t  can be seen t h a t  no i n s u l i n  
o r  glucagon ab n o rm a l i t i e s  can be d e tec te d  in th e  CoCl^-treated r a t  compared 
to i t s  c o n t r o l .  Glucagon l e v e l s  e i t h e r  in the  basa l  s t a t e  o r  a f t e r  a r g in in e  
s t im u la t io n  in the  CoCTr-treated r a t  are  found to  be w i th in  normal range as 
s e t  by the  contro l  r a t s .  The p r e s e n t  s tudy sugges ts  t h a t  the  h y p e r t r ig ly c e r id a e m ­
ia  o f  the  CoCl^-treated r a t  can be accounted f o r  by decreased t r i g l y c e r i d e  
removal r a t e  from' the  plasma caused by decreased l i p o p r o t e i n  l i p a s e  a c t i v i t y .  
Fur ther  suppor t ing  evidence and a p o s s ib le  mechanism i s  presen ted as ' 
fo llows:
i ) The r o l e  o f  c o b a l t  in enzyme a c t i v i t y
Metal ions play  impor tan t  ro le s  in th e  b io lo g ic a l  fu n c t io n  o f  many 
enzymes. The var ious  modes o f  m e ta l -p ro te in  i n t e r a c t i o n  inc lude  m e ta l - l i g a n d  
and enzyme-bridge complexes. Metals can serve as e l e c t r o n  donors o r  a c c e p t o r s ,  
Lewis ac ids  o r  s t r u c t u r a l  r e g u la to r s  (204).  While c e r t a i n  meta ls  a r e  e s s e n t i a l  
as co-enzymes f o r  the  a c t i v i t y  o f  c e r t a i n  enzyme systems,  o th e r  meta ls  when 
p re s en t  i n t e r f e r e  and i n h i b i t  many enzymes. For example organo-phosphorus 
compounds can form co va len t  bonds to  s e r in e - c o n ta in in g  enzymes such as 
t r y p s i n ,  c h o l i n e s t e r a s e  and phosphoglucomutase,  o rgan ic  m ercu r ia ls  form 
covalen t  mercaptide  bond to  c y s t e in e -c o n ta in in g  enzymes, t r i v a l e n t  a r s e n i c a l s  
form A: s-me reap t id e s  with d i su lp h id e  con ta in ing  enzymes such as dehydrogenase
+ +enzymes, heavy meta ls  such as Ag.,  Hg , e t c .  form covalen t  metal s a l t s  wi th  
h i s t i d i n e - c o n t a i n i n g  enzymes. Metal-complexing agen ts  and m e t a l - c h e l a t i n g  
agents  can a l l  i n h i b i t  enzymatic a c t i v i t y  (216).
Apart  from i t s  presence  in vi tamin B , c o b a l t ,  has to  da te  Been found to 
be a component o f  on ly  one enzyme, the b io t in -d ep en d en t  z in c - c o n ta in in g  
o x a lo ac e ta t e  t r a n s c a rb o x y la s e  (205).
Cobal t  has been found both to  enhance and to  i n h i b i t  the  a c t i v i t y  o f  many 
enzymes, thus  a f f e c t i n g  th e  m e tabo l ic  rou tes  th e se  enzymes c o n t r o l .  Webb (206) 
has shown t h a t  c o b a l t  under a e r o b ic  c o n d i t i o n s ,  i r r e v e r s i b l y  c h e l a t e s  with 
the  two reduced d i s u lp h id e  groups o f  l i p o i c  a c i d ,  a co-enzyme re q u i re d  f o r  the  
o x ida t ive  deca rboxy la t ion  o f  pyruvate  to  ace ty l  Co-A and a -k e to  g l u t a r a t e  to  
su cc in a te .  Cobal t  i n h i b i t s  both g ly c o ly s i s  and r e s p i r a t i o n  by forming a 
complex between th e  ion and -SH group of  l i p o i c  ac id  (150).
Cobal t  e l e v a t e s  t h e * a c t i v i t y  o f  plasma p ro tea se  and c a th ep s in s  A 
and B, h y d ro ly t i c  lysosomal -enzymes involved in  the  e r y t h r o p o i e t i n
system (202) .  C oba l t  a l so  induces the  a c t i v i t y  o f  haem oxygenase (207) .
Cobalt  i n h i b i t s  l i v e r  haem s y n th e s i s  in vivo by i n h i b i t i n g  th e  a c t i v i t y  o f  
5 -am ino - laevu l ina te  sy n th e t a se  (208).  I t  has a l so  been repo r ted  to  in c re a s e  
the  a c t i v i t y  o f  a r g i n i n e  e s t e r a s e ,  decrease  plasma b radyk in inase  and in c r e a s e  
plasma p ro te a se  a c t i v i t y  (203).
In common with  many o t h e r  hydro ly t ic .enzym es ,  l i p a s e s  a re  i n h i b i t e d  by
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severa l  heavy m e ta l s .  Milk l i p a s e  i s  strongly i n h i b i t e d  by Cu and l e s s
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e f f e c t i v e l y  by Fe , Ni , Co , Cr and Zn (209) .  P a n c r e a t i c  l i p a s e  
(EC. 3 .1 .1 .3 )  has been a s u b j e c t  o f  lengthy i n v e s t i g a t i o n s .  I t  has been shown
+ +  + +  +4*t h a t  t h i s  enzyme i s  i n h i b i t e d  by Cu , Hg and Zn (209) through the  
ox ida t ion  o f  -SH groups.
By the  use o f  severa l  s p e c i f i c  su lphydry l r e a g e n t s ,  many a t tem pts  
have been made to e s t a b l i s h  whether l i p a s e s  in general  a re  -SH enzymes.
Early  s tu d i e s  showed t h a t  p a n c r e a t i c  l i p a s e  was un a f fec ted  by 0.01 M 
io d o ace t ic  a c id  (209).  S inge r  and Baron ( 2 1 0 ) found t h a t  a l though p a n c r e a t i c
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l i p a s e  was una f fec ted  by 10 M iodoacetamide,  i t  was i n h i b i t e d  by p-chlo romercur i  
-benzoate  and t r i v a l e n t  a r s e n i c a l s  (210).  Wills  (211) found t h a t  v e rsen e ,  
a metal complexing agent  s t r o n g ly  i n h i b i t e d  p a n c r e a t i c  l i p a s e  whi le  most 
o x id i s in g  agen ts  which a f f e c t  -SH groups had l i t t l e  o r  no e f f e c t .  I t  was 
concluded t h a t  the  enzyme possess  -SH groups t h a t  a re  no t  p a r t  o f  the  a c t i v e  
cen t re  bu t  l i e  w i th in  c lose  p roximity  o f  i t .  S i t e s  o th e r  than -SH groups must ,  
t h e r e f o r e ,  be involved and h i s t i d i n e  was sugges ted  as p a r t  o f  the  a c t i v e  s i t e  
o f  p a n c r e a t i c  l i p a s e .  This was l a t e r  confirmed by Sermeriva ,  e t  al_. (212) 
and Verget ,  e t  al_. (213).
i i )  Cobal t  and l i p o p r o t e i n  l i p a s e
Lipopro te in  l i p a s e  has the  same numbering system (EC. 3 . 1 . 1 . 3 )  o f  
i n t e r n a t i o n a l  enzyme nomenclature as t h a t  o f  p a n c r e a t i c  l i p a s e ,  because i t  
i s  very s i m i l a r  in  a c t i o n  and probably in  s t r u c t u r e  to  p a n c r e a t i c  l i p a s e .
Recently i t  has been ob ta ined  in  pure form from p o s t -h e p a r in  plasma (214) 
and r a t  h e a r t  (215) which f a c i l i t a t e d  s tu d i e s  on i t s  m olecu lar ,  chemical and 
p h y s i c a l - p r o p e r t i e s .
H i s t i d in e  (217)and c y s te in e  (218) have been im pl ica ted  in the  a c t i v e  
s i t e  o f  l i p o p r o t e i n  l i p a s e .  The imidazole  group o f  h i s t i d i n e  and su lphydry l  
group o f  c y s te in e  a r e  n u c le o p h i l i c  ( e l e c t r o n - d o n a t i n g ) ,  w h i l s t  c o b a l t  i s  an 
e l e c t r o p h i l e  ( e l e c t r o n - s e e k i n g ) .  N uc leoph i l ic  groups r e a d i l y  r e a c t  with  
e l e c t r o p h i l i e  groups and vice  ve rsa .  There a r e  two p o s s ib le  mechanisms by 
which cob a l t  can i n t e r f e r e  with the  a c t i v i t y  o f  l i p o p r o t e i n  l i p a s e :
a) Cobal t  being an e l e c t r o p h i l e  can combine r e v e r s i b l y  with the
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n u c l e o p h i l i c  sulphydry l group o r  the  imidazole  group o f  the a c t i v e  s i t e  o f  
l i p o p r o t e i n  l i p a s e  {non-competi t ive  i n h i b i t i o n ) .
b) L ipopro te in  l i p a s e  l i k e  many o th e r  enzymes, i s  probably  a m e ta l lo -  
enzyme which con ta ins  a metal as an i n t e g r a l  p a r t  o f  the p r o t e i n  molecule .  
Although th e  na tu re  o f  t h e  metal s t i l l  remains to  be e s t a b l i s h e d ,  c o b a l t  
may compete and d i s p l a c e  i t  thus  causing reduced a c t i v i t y  as demonst ra ted 
in the  case  o f  CoCl2- t r e a t e d  r a t s .  For example,  carboxypept idase  A .
i s  a c l a s s i c  z in c  metalloenzyme (204).  Removal o f  the  metal atom by 
d i a l y s i s  o r  by t r ea tm en t  with c h e l a t in g  agents  g ives  a t o t a l l y  i n a c t i v e  enzyme. 
A c t i v i t y  can be r e s t o r e d  by add i t ion -  o f  z inc  o r  a number o f  o t h e r  metal 
d i v a l e n t  ions .  The c o b a l t  enzyme, f o r  example, has twice the p e p t id a s e  
a c t i v i t y  o f  the  z inc  enzyme while  the  n ickel  and manganese enzymes a re  much 
l e s s  a c t i v e .  Whils t  c o b a l t  enhances the  a c t i v i t y  o f  z inc  p e p t id a se  i t  may 
a c t  to  reduce th e  a c t i v i t y  in case  o f  l i p o p r o t e i n  l i p a s e .
i t i ) The r o l e  o f  c o b a l t  in t r i g l y c e r i d e  tu rnove r  r a t e :
Besides i t s  a c t i o n  on plasma t r i g l y c e r i d e  removal r a t e ,  c o b a l t  
may have a r o l e  in  plasma t r i g l y c e r i d e  tu rn o v e r  r a t e .  This r o l e  can 
be accounted f o r  as fo llows:
Webb (206) and Dingle ,  e t  a l .  (150) have shown t h a t  c o b a l t  i r r e v e r s i b l y  
c h e l a t e s  with the  two reduced d i su lp h id e  groups o f  l i p o i c  a c i d ,  a co-enzyme 
r e q u i r e d  f o r  the  o x id a t iv e  decarboxyla t ion  o f  pyruvate  to  a c e ty l  CoA and 
a - k e t o g l u t a r a t e  to  s u c c in a te .  By such i n t e r f e r e n c e  with c e l l  r e s p i r a t i o n  
a t  the  t r i c a r b o x y l i c  ac id  cy c le ,  c o b a l t  causes a s t a t e  o f  t i s s u e  hypoxia .
The g l y c o l y t i c  pathway i s  d i r e c t l y  l in k e d  to  the  t r i c a r b o x y l i c  a c id  
c y c l e ,  so t h a t  a m etabol ic  block o f  the  l a t t e r  w i l l  r e s u l t  in  accumulation o f  
in te rm ed ia ry  m e ta b o l i t e s  a t  the  former .  Such in c re a se d  m e ta b o l i t e s  have been 
shown to  occur  in  the  CQCl2- t r e a t e d  r a t .  Dihydroxyacetone phosphate ,  
f r u c to s e  d iphospha te ,g lyce ra ldehyde-3 -phospha te  and a -g lycerophospha te  have 
been shown to  be in c re a se d  in l i v e r  e x t r a c t s  o f  CoCl2“ t r e a t e d  r a t s  (147, 219).  
I t  has been f u r t h e r  shown t h a t  the  myocardium o f  r a t s  t r e a t e d  wi th  c o b a l t  i s  
unable to  o x id i s e  f a t t y  ac ids  (148) .  Both a -g lycerophospha te  and f a t t y  ac id s  
are  p r e r e q u i s i t e s  f o r  t r i g l y c e r i d e  fo rm at ion .
With such metabo l ic  block and the  a v a i l a b i l i t y  o f  th e se  t r i g l y c e r i d e s  
p r e c u r s o r s ,  the  mechanisms o f  t r i g l y c e r i d e  formation a r e  a c t i v a t e d ,  r e s u l t i n g  
in  in c re a se d  h ep a t i c  t r i g l y c e r i d e  tu rn o v e r  r a t e .
These and p rev io u s ly  d iscussed  ab n o rm a l i t i e s  lead ing  t o  the  s t a t e  o f  
h y p e r t r ig ly ce r id a e m ia  in  the  CdCl2- t r e a t e d  r a t  i s  summarised in  F ig .  8 .2 .
8 .3  Conclus ions :
1) The Zucker f a t t y  r a t  i s  a model o f  i n h e r i t e d  o b e s i t y  a s s o c i a t e d  w i th  
hyper l ipaem ia ,  hyper insul inaemia  and i n s u l i n  r e s i s t a n c e .  I n s u l i n  r e s i s t a n c e  
can be accounted f o r  by a decrease  in  i n s u l i n  r e c e p to r s  a t  i t s  t a r g e t  
t i s s u e s  in an a t tempt  by the  animal to  combat the  harmful e f f e c t s  o f  hyper­
in su l in aem ia .
H yper t r ig lycer idaem ia  o f  t h i s  s t r a i n  o f  r a t s  i s  a s s o c i a t e d  w i th  a 
probable  high t r i g l y c e r i d e  ou tpu t  and in c reased  l i p o p r o t e i n  l i p a s e  a c t i v i t y .  
This high a c t i v i t y  i f  taken as a measure o f  t r i g l y c e r i d e  removal r a t e  i s  
i n s u f f i c i e n t  to  cope with the  very high plasma t r i g l y c e r i d e  l e v e l s .
-  1 8 4  -
2) The CoCl2~ t re a te d  r a t  i s  a model o f  induced polycythemia a s s o c i a t e d  
with  h y p e r t r ig ly c e r id a e m ia .  The h y p e r t r ig ly ce r id a e m ia  can be accounted 
f o r  by a probable  i n c re a s e  in t r i g l y c e r i d e  tu rnove r  r a t e  coupled with  
decreased t r i g l y c e r i d e  removal r a t e .  The probable  in c r e a s e  in tu rn o v e r  
r a t e  i s  due to the to x ic  e f f e c t  o f  c o b a l t  on the  t r i c a r b o x y l i c  a c id  
c y c l e ,  b locking  i t  a t  two s i t e s ,  caus ing t i s s u e  hypoxia and accumulation 
o f  in te rm ed ia ry  m e ta b o l i t e s  o f  the  g l y c o l y t i c  pathway. Two o f  th e se  
m e ta b o l i t e s  a re  dihydroxyacetone  phosphate  and g lycera ldehyde  3-phosphate  
which can be conver ted to a -g lycerophospha te ,  a p r e c u r so r  f o r  t r i g l y c e r i d e  
s y n t h e s i s .  The decreased t r i g l y c e r i d e  removal r a t e  i s  b e l i e v e d  to  be 
due to the i n h i b i t i o n  o f  l i p o p r o t e i n  l i p a s e  by the  r e a c t i o n  o f  c o b a l t  w i th  
the imidazole  group o f  h i s t i d i n e  and /o r  the  sulphydry l group o f  c y s t e i n e ,
the  two amino ac ids  be l iev ed  to  form p a r t  o f  the  a c t i v e  s i t e  in t h i s
enzyme.
3} Glucagon plays very l i t t l e ,  i f  any r o l e  e i t h e r  i n  o b e s i t y  o f  the
Zucker f a t t y  r a t  or  i t s  h y p e r l ip aem ia . N e i ther  does i t  have a r o l e  in
the  h y p e r t r ig ly ce r id a e m ia  o f  the  C o C ^ - t r e a t e d  r a t  as demonst ra ted  in  
the  p r e s e n t  s e r i e s  o f  s t u d i e s .
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